
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at http : //books . google . com/| 



'• !ln;'v ' 



3J 



c 



<s 




Digitized by 



Google 



V 



[) 



Digitized byCjOOQlC 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



TREATISE ON MINES 



FOR THE USE OF THE '^ 

AT WOOLWICH. 



BT 

I. LANDMANN,F.A.S. 

PROFESSOR 07 FORTQICAHON AND ARTIIXERY. ' 



LONDON: 

PRINTED BY T. BENSL£Y| 
Bolt'Court, Fleet-street i 

AND SOLD BT t. EGERTON, WHITEHALL. 
1815. 



Digitized by VjOOQIC 




Digitized by 



Google 



PREFACE. 

The deficiency of a work upon the mo- 
dern system of mining, in the English lan- 
guage, is perhaps a matter of surprise: the 
long contest lately suatfiined by Gr^al Bri- 
tain, during which larger armies were 
brought into the field by this country, than 
had ever been witnessed on any former oc- 
casion; when many sieges were undertaken,^ 
and where the practice of mining under 
every form became su necess?iry branch of 
science, expected from the corps of RoyaJ* 
Engineers, and sometimes conducted by 
the officers of the royal navy, are circum- 
stances which, all the world must acknow- 
ledge, ought to have produced sonje efforts 
to fill this blank in military literature;. yet 
no publication has hitherto appeared which 
might hstve rendered the present undertak- 
ing superfluous. 

a2 
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IV PREFACE. 

The principal object, therefore, of the 
author has been to select from voluminous 
and expensive foreign works, such portions 
of them as' are most approved for their me- 
rit, and consequently best calculated to 
supply the-first demands of the public upom 
this branch of military science, until a 
nibre perfect work may appear. 

Notwithstanding all the improvements 
which Vauban and Cormontaigne have in- 
troduced, in the art of fortifying, yet the 
progress in the art of attacking has been 
so much more rapid, that the former ba- 
Tance of strength is at present totally de- 
stroyed ; although, through the mo(Jerh sys- 
tem of mines founded on the principles of 
Belidor, and improved by Mouz6 and 
Marescot, some hopes may be justly enter- 
tained that the defence will recover a con- 
siderable portion, at least, of tihe advan- 
tages it formerly possessedl 

The authors consulted for the following 
work are, Mimoires de Goulon ; TraitS des 
Mines 9 par Vauban; Theorie de VArt du 
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Mhwur^ par Geuss ; '. Ckitvres de Belidor ; 
Mimmres de CormoiUcdngne ; TraitS des 
Mines^ par Foissac ; Essai GSnh^al de For^ 
tifimtian^par Bcmmmrd; Art Militmre^ par 
Gay de Vernon; M6mo%re$ de Marescot ; 
Fort^cati&a Souterratne^ par MoussS; and, 
Journal du Camp de Compiegne. 

The official reports and j^apers of the 
officers of the corps of Royal Engineers, 
who have been employed to conduct mines 
for various military purposes, have been 
most liberally communicated to the author, 
copies of which form a valuable sequel to 
the abridged and translated extract. 

The table of charges now offered is in 
some degree new, the author having recal- 
culated it, as established by Mouec, in or- 
der to substitute English weights and mea- 
sures in lieu of the French. 

The author has now only to state, that 
iti laying this work before the public he 
has not had in view to inform those whose 
deep researches and long experience may 
have rendered better qualified than himself 
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JV PKEFACE. 

to handle this subject in a masterly nmn- 
Iter ; a«d he faeces that they "will employ 
their leisure faourK, not in criticising but in 
repairing the errors or omissions he may 
hame iiallen into, in order that the public 
may benefit by the accuracy of their ob- 
servations. 
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ERRATA. 

Note, b denotes the Une counted from the lottom. 

Page 21, lino 4, b.. for Bxagat, read auger. 

■ ■ 52, — 9, yiw presenoe^ r. pressure. 
i_« 59^ ««i 2, yor salientj r. sajiant. 
.«— < 70> — 6> for saUent, r. saliant. 

I ll6, — 9> /or treassise, r. treatise. 
■ 117^ — 12, b. /or salient, r. saliant 
— • 127, — Ij b. for distances, r, distance. 
— ^ 144^ — 3, b. for principle r. principles. 
-»— 157j — 11, b. /or listner, read listners. 
— — 161, — • 1, for each other, r. near each other. 
— — 170, — 5, b. ybr 1>evaliere*8, r. De Valiere*!. 
— — 171, — 1, for sage, r, stage. 
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TREATISE ON MINES. 



OEX^Iir OF MINKS. 



AI1NS8 were one of the first means devised 
for. die attack of places 1 they were used either 
ta sap the wall and to form a breach^ or to 
penetrate into the interior of a fmrtress, as did 
the Romans at Fidena, 664 years before our era^ 
long previous to acquiring other kndwledge in 
the art of sieges. At Chalcedonia^ towards the 
year 5S0, Darius, son.of Hystaspes, feignir^ a 
blockade, opened a mine at the distance of 2800 
yards from the walls> and came out in the mar* 
ket-place. Sabus, in India, was taken in the 
same manner by Alexander. Veii also^ after a 
.-siege of ten years, was taken by means of a 
mine which Camillus carried so far as to be un^ 
der the temple of Diana. ^ • , 

When sieges were conducted with .% great 
train of machines for projectiles/ such as.testu* 
^os and helopoles ; while all these machines 
were actings mines were carried on. 

B 
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A subterraneous gallery was opened^ either 
behind some rising gitound^ or in the rear of 
the terrace raised for the machines where seve- 
ral branches were mp^de toi^anis the w«bH,-wliich 
was sapped, and chjimbers contrived near to 
each other, the ground above being propped 
up as excavated vnth sfroiigt timber smeared 
over with pitch rosin, or some other inflam- 
«Nibl0 oMbtstf ind: the nemaimng: spaee fitted 
with fi»gg9t0 loosvfy thrcBRra about: tiiese being 
Mt Ml . ira Moa contuiHedk the {oopsy wlfira tiite 
Mp of tbe diambtf hmg de|iriycd oi ito wp- 
|>0f t) lieit i& aad overlhmr the walL At tike 
iieg? of MuseitiM bjy €«8», 49 jreaxs bciore 
(Mur «ni^ <MfjI^ oi AMa Aiites ware madd Buder 
ilofi w^l of its inidiosun. » 

Hi^ bwkged maide we of ^ sazeie aewi» 
t» destroy the tervaoes^ a^d t<» ^urow down the 
testtfdoa and helopplea: sconetiaiM they attack- 
ed tfae^omusi ef the iKfiii^B iH tUui maaMoie^ 
rendering: thiein iaopiisaeticaUc^ either by imu-, 
4atioaotby sraoka At the siege ef Thmnkiun 
by the army of^Mithjddetes,. wild bdaatar end 
bo» #ere iatccsk^ed in tke gallerifes. of the 
iniees. AA^JfeiWgestiiie^eMgeMlfiliedtlie^flUKe 
uritk cottteellble nuiiiers^ md stopped it< iq» ^ 
with large etoiMk. - ^ 
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Atthe^ge0f ttePyrae by SyU% tbe be* 
^ipged taade a mine under fiie tanade^ of 'wUch 
a part gave way, the betiegCT re-ettaUiihed tbf 
fMtace, pietietrated below it, mA carried on a 
geJtLety ttmPiftdi the ^al^^ of whieb a great part 

At the Aeg6 6f Aaibraoia^ by Fultiiir, 1S0 
ye^s before our ata^ they had not the preeauf 
tion to carry away the earth wfaieh was exeak 
tttteil fVom tfif^F gallery/ or to spvestd il; about; 
alid the besi^g^d obsei^vkyg this) indieatioii, tta^ 
j4ed OD a deleusYve tifntse^ ii^hich meettBg the 
besieger's mine, filjed it witb smoke by kmUm 
^ burniiig leajtlierfir in a coisk nmde of sbeet- 
ifofi, one end of which was pierced with a great 
fitaiAber of boles, sxA Use acioess to it piteveiktibd 
by ld)i^g ' javelins }m the other etfd Wsmmito^ 
iiused tbe mouth of a pair of beUowa te^dririt 
e^t the stnidke* 

At the sidge of Barodby b^ Amiteab, in 509^ 
a smith by profession thought of cUscoveMog 
wbei^ the AmcTS were at work, by pfooihg k- 
Akli on the i^outad tod applying his terfi» 
Hiten^f wbm^ it w)as ibui^ tiliat t^e mlae was 
tttar being openfed ittto the town. 

Vitriv^ius Hientioiis, tiutt /Fypho&, avdiitect 
t» Alex&idtf, etiapioyed im thie>dd'«nde of Apol- 
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loni^ made several deftasaire mioea, m.tfae 
blanches of wiitch lie bung up brats vatdSi i^« 
plying his ear close to them in ord<pr to dfsr 
cover the besieger's mine; the humming of pn^ 
of these vases indieated the place where the^ 
offensive miners were at work; the besiegi^ 
immediately made an opening in that direction, 
and poured boiling oil, hot sand, 8cc. upon the 
offei^ive miners. 

This method of mining lasted until about 
180 years after the invention of gunpowder, for. 
it was not until then used under ground in the 
attack of^foitresses* 

After the French under Charles VIII- had 
very rapidly made the conquest of the kingdoiR 
of Naples in 150S; they were turned out as 
quickly by the Spaniards, commanded by the 
famous Consalvo of Cordota, named the great 
Captain ; one place only remained in tlieir pos-i 
session, defended by nature and by art, , which 
was the castle Dell' Ovoy situated upon a rock 
nearly surrounded by the sea. In this situation 
the French held out for three years, whi^di 
proves the great resistance they were able to 
make, till Peter Navarro came tothe assistance 
of his compatriots, and having the advantage 
of access to the foot of the rock by'Uie mtfans 
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iMfboiitSta^iery was there evened and carried 
on lap enough to place a chamber under the 
ieairtie, in vhieh a^ great quantity of powder 
w^i k>dged. He then summoned; Chavagnac, 
^e governor of the Castle, who not suri^nder* 
ing, the mine was'fired^ by the means of. a 
matchr ^<> contrived as to ;2dfilw time for re|ir- 
ing : the rock opened with n lo«id expk>»oji,ra 
part of the walls of the castle^.and a great nunii- 
her of the deitmders, im a vor.tex\0f vpsoke and 
iiamey were precipitated into the sea. Chosen 
troops being in readiness on hoard Spanish and 
Neapolitan vessels, landed immediatdy at the 
beaqh, and carried the &rtrMS with ease against 
^be small number of French who remained: far 
its defence. This was the drst suecesn c^tained 
from the effect of gunpowder in a mine* 

Peter Navarro served in the Genoese in- 
fantry as a private soldier, in the year 1487» 
when the Genoese besteging Serezanella, a 
town in Tuscany, an engineer made an essay to 
blow lip the wall of the castle ; but not having 
succeeded such attempts were for some time 
neglected. Nav^ro however imagined that the 
idea of the engineer was not to be neglected, 
although the execution had not produced the 
dpsired effect^ and his mind was^^ constantly em* 
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^logred in oooiidartiig imr i% odul4 hf piife ui 
frfacttite vi&anccfoBs; mad having tak^n evoiy 
{HEMaiition timt occurrad to him, he tucpeioded 
npoQ tiie importentoceaiioik. already mentiotaed^ 
«iid it is on tbiaafsiximit tiiiat the inveation it 
mtttibofted to htm* PaulJeir^ ia the life of 
CoBsalvo, «a;f 8 that Navarto had already made 
^taya of mineA mt the attack of Cephalonia 
mnat ^earf befiw^ when the Venetiaafl, aiaiated. 
hy tU flfHiMaidi, re-toak ^afc ialaiid fr(xp Ibe 
Twka. 

S^oe t&e period aUuded to, the jiietii<>d of 
nining employed by the aaeients has beeii 
idbandoned^ and &at by the m^ms of gun^ 
ponder has been adopted, as well in the de*- 
fenoe as in tb^ attack of fortresses. 



HEIINITIOSrs. 

A^ mn»^ 4li a mililwjr i|en«e, is a caVUy made 
wd^? ground, where powder \% lodged, which 
being fired, whatever is over it m^iy be blown 
up ai^d destroyed, And the Qayity made for 
this purpose is oalled the ohamhr^ as abcd^ 
PI. I. fig. h - ' 

Th^ ^^pava^OKn made by the miue when 
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filming, Iftcttn^d "^fimnd^ &« atb, %^. 2, ^^ 
and 4. 

' ^lie llb««d^ drttim^dm '^^eittre c ti^^ the 
igpakSSt ocmUtoiiig the powder perpendietiAtf to 
tlie nearest surface, is ealled the ^'/^e i)^ i^^r# re- 
^i^f^nl^/^o nx%8'^ ^ejq)t»ion^ fig. 41, S, diid 4 ; 
and fhe superior circle of the funnd is cafied 
ihe pbme of eaplosim^ 

Tfacf line c b, drawn from "the centre c of tltie 
powder, td the edge b of the funn^, id catted 
^te'rddius (f compression^ fig. S, d, and i. 

Miiies are divided into rectar^tdar rnines^ 
gMms of compression^ Jbugusses and cafMuJlets. 

A rectangular mine is that in which the su- 
perior diametier a b off the funnel is equal to 
twice ^e line of least resistance cd, fig. 8. 

A ^obe of compression is that in which the 
superior diameter ab of *'Aie funnel expeeds 
twice the line of least resistance c d, fig. 3. 

Fougasses are mines in which the chambers 
are p^ced, frott t*iree to ten ftet under ground.. 
A catnouilet is a small fougass^ made pcca* 
sionally to act against the enemy's miner^ wh^ 
iias b^^ heaid workings so as to Mffoeate bim 
ilihis^i«ry^ 

Mines are Ifltewise divided into oifensivc 
and defens^ive mines; those made by the be- 
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siegers are called pJRsmioe miiest zvA those mado 
by the besieged deftrisioe mines.* 

Galleri^ssisc p^s^ig^ made under ground to 
communicate to the mlaes ; t|iey aire eithfif of 
maa^ry eg: timber work. 
. Galleriefl^ according to ^eir situatioii and 
use, haye different nam^es. A gallery made unr. 
der the rampart, behind the revetemeQt, is call^-. 
ed th^ gallf^ ^ escarp ; that under the terre« 
plein of.the coyert*way the gallenf af cmmter^. 
scarps also the magistral ox main gaUery; that 
made under thp glacis, and parallel to the 
branches of tU? covert- way, is called thegah 
lery^emoelope; thoSiC vifhich are mad^from the 
gallery of envelope, in seyeral directions tO!^ 
wards the cpuntry, are called lietming gall^pics, 
or simply ^w/wrf The gallerieis ufiade from 
that of the escarp to that of the counterscarpj^ 
and those fropi that of t^ie counterscarp to thatf; 

* Mtn^ w«re fint empbyed ki the attack cf fertresfes^ 
^^nd were then aimply called mmes ; but soqa after the be^eg^ 
foiund it necessary to meet the besieger hj the same mean^ 
these'^re called countermines 5 however, at such denomina- 
tR)m ham been adopted by agreement only^ which are void oi*^ 
meaning, at least in respect to the attack or de^nee, spmi^. 
authors use at preseikt the mnph ^jfnmon. of offensive aud^ 
defensive mines. 
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ON MIKJCS. 9 

of the enviriope, 4re called galUrie^ of ^mmu- 

Branches are small galleries made occa<r 
iMnaUy towards an^ object intended to be' blown 
up, • 

*nie fire is ecmimtliiioated to the mine by 
memis of a saueision, b, fig. 5, which is a pipe or 
hose ma^e of coarse cloth -i^ of an inch in dia^ 
meter, or about 1,9 inch in circumference, filled 
with powder. This saucisson is placed in a 
wooden trough cde called ^n auget^ extending 
iVom the cha.mbier e to the extremity c of the 
st€^pp«d up part of the gallery, and the pl&ce a 
W^here the fire is set to the iaucisson is called 

Several methods are employed to fire mines, 
vi^. by the match, port fir^, the monk, the trap, 
fyr the mouse. 

The monk, a, fig. 6, consists of a sheet of 
paper, in which a small hole is made to receive 
a piece of spunk about 1 inch long and A of an 
^ch thick, one end entering into the paper is 
rubbed with piealed ,powd?r : tl^ end of the 
saucisson being opened some loose powder i^ 
thcQwDi upon it, and being covered by th^ 
monk; the fire is set to the projecting end of 
t\ic spunk, which is above the paper. , - 
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• 

The trap^ift a imall wooden box a.b, ifig. tj 
5^ inches squarfe within and s feet high, friili an 
o|>ening ma^e in ^ne of its sider'^e, about 5 
inches from the top, to recei?« a sttiall board cd, 
which may easily slide in and out, having a ring 
c, with a padcthread cf fixed to it of.asulRcient 
length so that it may he drawn out at a distance 
of about four times the kngth of the line of 
least resistance from the mine. ' This box li 
placed upon the end of the saucisson in wliicli 
an opening has beeii made, liien having throwtt 
some loose powder into the box, the slider is 
put in, and upon it two pieces of matdi are 
placed, tied togeliier in such a manner as ta 
present four points, which points being lighted 
will, upon drawing out liie slider by means of 
the packthread, fall upon the loose ppwdef 
and fire the mine. 

A pistol, or a Ibck like those fixed to heavy 
guns, with a packthread tied to the trigg^Tj 
may answer the same purpose. 

The mouse consists of a small chain ae, fig^ 
8, about 16 iqjches long, with a ring at ea<dh 
end; at the middle of this chain slow match if 
twisted round fbr four inches in length, and 
about one inch in diameter. To eac^ ring of 
the chain is tied a string of a suitable length. 
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0!^ wdi 9biQ oi jAie. fanmdb cfammiitiiwlhig to 
tbe SBOOie g an fLtJ^get k placed, made cfrci^r it 
be a9<14^ into this jiiq^ane of tfae<jai4s ebcd£ 
is laid. At the circular part she near the mine 
an opening is made in the auget, where some 
loos^e )fowd^ is liirdwti, So that upon pulling 
the eAd f of thfe »co?d, the mouse previously 
lighted will, by being brought into coiftact 
with it, set fire to the mine g. This method of 
iftug.^ mmpVB* m^MxAed by Captain Rugy, of 
the Ffcndb servicl^, ^4 has the advantage of 
keeping jbhe g^Ubry dear from the raioke, 
which the aanctason wo^d occasion fxom the 
bcgitoiig si its inflammation to the explosion 
of the mine; so that the miner cannot return 
into the gftUery iitrithout mudi loss of time in 
trying several means to clear it ftom the 
taiolcjBi. 

When brimehes ^ecmimunicate to two mines, 
a» a and b^ fig. % they ane called a T, and when 
tiirae mities % b, o, ^^e situated as in fig. lo, a 
tcefo^ lA tht name given to such a system. 

Whiea several ttines^ as c d e f g h, fig. 1 1, 
aid to he fired at th* same time, the computa^ 
tmi.of tiie.*aaKft?leiigth reqnii^d to be given 
to eigik j^uokson ia ealled the proportioning of 
thfjresi the point a, from whence the equi- 
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distonces to ach mine are measured, is biUed 
the central ^re; akid the place b, where the fire 
is given to the whote syateoii is called likefisfcus. 



PESCRIPTIOK OF THS TOOLS AND INSTRU'r 
MENTS REaUIHEP IN TH|: COSr&TR^CTION 09* 

Pinching-bars^ to break rock or masonry, are 
pf three different sizes; the largest are about 4 
feet 6 inches long, the mean 3 feet, and the 
smallest 2 feet; the largest, as represented im 
PI. L fig. 1$1 and 13, have their two end$.cham<* 
fejred, one of them being bent tO" serve as a 
lever, the two other kinds havp only one enfi 
chamfered and. bent. 

Borers^ ovboring-^bits^ fig, 14, 15, 16, 17, aad 
1 8, are bars of iron with a steel end, formed like 
a thick chisel, to make holes in a rqck, to re-r 
ceivp a charge of powder to blast it. The borer 
is used by one man holdmg it in the hole and 
constantly turning it round, while another 
one strikes the upper end with an iron sledge 
or mallet. The weight of these borers^ from 
the largest to the smallesl^ are 13, 9^ 7|, 4|^ 
and 3| pounds^ 
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plan and profile; the length of llus iioh bar is 
i^owrSto 6 feet, and it$>weiglit fromSS to 25 
pounds; its diameter is about l,fi ofi an inc^, 
;tnd that of the increased thickness towards the 
middle Js about 9*4; its e^tremitie^iare steeH 
and ch^tnfer^di of which the length of die;edges9 
its showii in theplan^ fig. SO, is nfiade to eMee^ 
A little the dijameter of the bar. ..The jumper is 
^used foe the san^purpose as the borer;. after 
having made a hole in the; rock of a few iiiches 
jn^epth with a bitj, th^ juiiq>er is introduced; 
and one man only is to.w^rk it upjanddown, 
till the hole is brought to its required depth. 

Ah^nmerfor bmng-bitt, fig. £1, the wdght 
of which is 7 pounds* 

A ipoofiy fig. 28 :. its use is to drawi theifa^t 
out of the hole made by .tiie borer, or that ma^e 
by the jumper: to perform this. with facility, 
and at the same time to ^increase, the effect of 
the borer or jumper, a little water is, occasionally 
poured into the hole. 

A brass priming-wire^ fig. S3 : ^en the 

Ncltarge of powder is put into the hol.e or mine 

the priming-wire isrintroduce(3,..and after; the 

stopping or ramming has been performed, it is 
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dnmn ottt and fbcma^the vaemit^^iiito irfcktb pow* 
der is intvoAujed to fiwthe mifie« 
V A brasi mhtmn^, or twnping-baf^ fig. 24, is 
Utti for loading the mine) whiieh id performed 
aa folkrw^i after the |)d^der hi& been mttb- 
dttcisd, O0cu{»ying about t of the depth of the 
koi^ and the viriie put ititoit, the sui'fi^eof the 
{Mvmter is eo>»iered with moist clay, tb the thick^ 
nest of half an imki^ theii several beds of poun- 
ded stone are sueces^itely rammed dowri by 
means of a hamtnti' ^and tannpfng-bar^ This 
]b09k bdog aCtetrded with some ds^nger, th6 
^tofipiiig^ mf^ bo d(Mie by potiriiig sand upofi 
the dasige^ vA^A imittt be perfectly dry, but if 
in llie least moifl, the o^ino will bio^ through 
the hole and fail This metbod of loading a 
smmtn used at Oibi^tar fbr blasting the rock, 
ibm fim being oomosiiitieated t& the charge by 
Aieansf of a tin tsbe; foeifev or quills, filled witfi 
thei Mttal <»mpo8ili0n. ^ 

A l0a^HMg-h0$mmf, Qpi. S5, weighs 4 poiand^. 

A miner's sslei^ty fig. 26> weighs 20 pounds. 



^ This compoitidao is inealec^ ponder, mutt up stiff with 
tj^ts oftrisir^ #r i^t wiiit of ilf gOdd tOtf 6t kaadj will anfiWeit 
-^-.panMis • 
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ApoU-pick, fig. Sftt W.«gilu7 VAWldftf 

SO9 4 pounds. 

^jufrf fig* ftl Mud Jtt; the first si9«i %. 31, 
weighs 8i pounds, and the second, ^g^ $$, 
ureighs Ifpoimicte* 

A miner's showl, fig. 30!, weiglw 6 pQupils. 

A dragf or 6e;2/ sho^el^ PL XL fig. I*. 

Am^odfen tmdkf, PI L fig. 34. 

An iron carpenter's square^ V\. J{» %. ^9 its 
branches being about S fpet lo|^ divided into . 
inches and tenths of inches. 

A bevelf fig. 3 ; it coqsists of t^p arms or 
braocbies, ri vetted togeth«r^ but qaoy^ible on the 
ct»tris joifittt QsT rivet 

An «fsger or barer, fig. 4 ; it cojasy^ts pf irp^ 
mdi of diffeieat lengths, 9^i|de to scr^w intp 
one anodm*, with a handk fijied tp ar^ of thena. 
It serires to make holes iti t^e earth, tP P^Pp^i*^ 
^ caorculation of tir to the galleries ; to search 
^ tiie enemy's galleries wh^ approachmg 
them; ta make boles of 1^ or ^ fe^t deep in the 
sides of the galleries, m ot^et ta li^teqi for the 
approach of the taewy's mindr at work; as also 
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to make hofeftby means 'of wbiefa eamoufleb 
may be given to him; fbr this purpose bitt of 
different diamciterS aire used. 

Hat^het^i za fig* 6> of different si^es. 

Carpenter's hammers, d^ fig. 6^ a few of thepi 
being of copper. 

GUmktSy fig. 7} a few of them bdng of 
coppe)^. 

. Handrsccws, fig. 8^ of different sizes* 

Mason^s Iced, fig. 9* 

Semi-drckf fig* 10. 

Rukrs, fig. 11, of 5 or 6 feet long, divided 
into feet and inches. 

Plum-rulery fig. IS* 

Plummet J fig. 13. 

Water-lffoeli fig. 14. 
- , Sliding staves, fig. 15. They consist of two 
parts, each part being about 5 feet 10 inches 
long ; so, that when they iare pulled out to their 
greatest extent, they form a ten feet jod^ and 
every foot is divided into 100 equal parts. To 
each of these stavet^ there is a sliding vane a, 
consisting of a sheet of tin; both sides being 
painted, one half white and the other black, a» 
may be seen in the figure. The fig. 15 repre- 
sents the front, and that 16 its profile. This . 
instrument is used in levelling: 
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Fig. 17, a little waggoriy containing about 
one cubic foot of soil, with a cord kt each end, 
to draw it out and back agawi in branches, 
where wheel-barrows cannot he wed; fig. 17 
rfepresents the side elevation of the little wag- 
gon, and fig. 18 its profile. 

Iron candlesticks^ fig, 19, with a point to- 
wards the niiddle> so as to fix it in the sides of 
the gallery. 

A windlass, fig. 20, to draw the excavated 
earth out of the shafts ; this fig. 20 represents 
the front elevation ; and the fig. 2 1 the profile 
of the windlass. - • , . . 

Aftinnely fig. 22, to fill the saucissons. 
. There are, besides these miner's implements, 
several other articles required^ the form and use 
of which being well known, it has not been 
thought necessary to delineate, or to give a par- 
ticular explanation of them ; such as compasses, 
large bellows, wheel-barrows, lanterns, cords of 
different thicknesses, staves of different lengths, 
baskets and powder-horns, 

T 

TEACINO AND CONSTRUCTIONT OF DEFENSIVE 
. . MINES. . ' 

^ The defensive minesj as given by some au- 
thors, consist of a gallery made under the 
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terreplcin of the<;ayert-way, called the main gat- 
lerj^^ whence branches may be m^e to destroy 
the besieger's crowning of the covert- way and 
his batteries ; of a gallery of envelope made pa-^ 
rallel to the main gallery ; of galleries of comr 
munication between the main gallery and that 
of envelope ; and of listening galleries made 
from the gallery of envelope 1^9 wards the counr 
try. 

Tlie tracing and construction of a system 
proposed to be carried into eis^ecution is made 
from a plan drawn according to a scale of 35 
yards to 1 inch, on which are laid down the di-^ 
mensions of the length of the galleries and of 
the angles, showing their s^vetal directions; 
the delineation of which is called the directing 
plan of the defensive jnines. The breadth, 
height, and situation of the galleries below the 
surface of the ground being represented by 
profiles, delineated according to a scale of 6 
feet to 1 inch* 

When the main gallery is constructed at the 
same time as the works of the place, it is gene^ 
rally made behind the revetement of the coun- 
terscarp, 3 feet wide, and 6 feet high in the 
clear, its entrance being made at the re-entering 
angles, and at the circular part^ of the counter-* 
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scarp; at the latter the breadth is increased to 
i or 6 feet, and the height to 7 or 8 feet, with 
loop-holes made in the revetement to give a cir- 
culation of air to the galleries and to defend 
the ditch, by a reverse fire of small arms. But 
when this gallery is made after the works of 
fortification are erected, it is by some miners 
constructed nearly under the banquette of the 
covert- way, the entrance being likewise made 
near the re-entering angles, and at the circular 
parts of the counterscarp. 

Suppose that the plan of the proposed sys- 
tem of mines, PI. III. is to be traced on the 
ground, and its main gallery to be situated un-. 
der die banquette of the covert-way. In a line 
with the top of the slope of the banquette, and 
parallel to the crest of the glacis, not consider- 
ing the passages of the traverses, several pickets 
are placed, at the distance of about 30 yards 
from each other, as likewise at all the saliant 
and re-entering angles, with a notch made upon 
the top of them, so as to determine more pre- 
cisely, by the means of a cord stretched along 
them, the exact direction of the middle line of 
the gallery. 

The distance from the main gallery to that 
of envelope, is from 40 to 50 yards towards the 

c 2 
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country. From this gallery branches may be 
carried on with facility under the cavaliers >o€ 
trenches, and under the approaches made to- 
wards the CO vert- way, as also to intercept the 
besieger's miner, by the means of a fougasse, or 
by a camouflet, when advancing to find out the 
defensive mines. 

When the elevation of the counterscarp is 
only 12 feet, and the surface of the glacis of 
great declivity, the distance of the gallery of 
envelope from the crest of the glacis must not 
exceed 40 yards, so as to have a sufficient 
height of earth above its top, and a sufficient 
line of least resistance to the chambers situated 
at the extremities of the branches, otherwise, 
it must be placed much lower than the main 
gallery ; and should the ground be of a wet 
nature, the operation, of sinking it would he 
yery difficult, if not impossible. 

To trace the gallery of envelope ^ on the 
ground, the crest abc of the glacis, fig, 1, be- 
ing parallel to the main gallery; from two 
points b and c taken in it, perpendiculars bd, 
ce are erected with the theodolite, or plane- 
table, or by means of a cord and pickets,* oa 

* See the Field Engineer's Vade Mecunij prob. 7» 
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which the given distance froni the main gallery 
to that of envelope is set off; then in a line 
with the extremities d and e 6f the perpendicu- 
lars, pickets being placed distant from each 
other about 20 or S4 yards, will represent the 
middle line of that part of the gallery of enve- 
lope which is made parallel to the branches of 
the covert-way. The parts fg, hi, of this gal- 
lery, opposite the saliant angles 1, of the places 
of arms, are made perpendicular to the lines 
bisecting these angles ; the point k, where the 
perpendicular is erected, being not more than 
50, por less than 30 yards from the saliant an- 
gles 1, 1. 

The galleries of conimunication are made 
in the direction of the capitals of the several 
works, and along the gutters m f, m g of the 
glacis, and when the main gallery is made pa- 
rallel to the faces ml, ml of the re-entering 
places of arms, there is likewise a communi- 
cation made from 1 to the part f g of the gal- 
lery of envelope. 

The tracing of these galleries is likewise 
performed with pickets in the same manner as 
that of the preceding galleries. 

The listening galleries, or listners, are car- 
ried on from the gallery of envelope towards 
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the country : in them the jfensivc miner will 
be able to discover by the noise of the tools the 
place where any work is ^oing on under ground 
by the besieger's miner.* They besides afford 
the means to carry on from them branches to 
the right and to the left, at the extremities of 
which, chambers of mine^ or of fougasscs ar« 
placed to act against the besieger^ miner^ when 
advaivcing towards the gallery of envelope. 

The length of the listners, gn, on, fq, is 
from 40 to 50 yards, and their number is deter- 
mined by the space to be left between theni^ 
which ought not to be less than 40 yards, nor 
to exceed 60,- in order that, should the enemy's 
miner come between two of them, he maybe 
discovered from the one or the other; it being 

* Miners have several methods of diseoveniig in the listen- 
ing^ galleries the work carried on by the enemy's miner^ while 
yet at such a distance as not to be heard : for instance^ a drum 
is placed in the gallery with small round bodies upon it^ such as 
pease> which will move with Ae slightest con&u^&ion^ or a glass 
of wa^er may be used, when the surged #ili show the same 
tSect, also a thin piece of sheet iron is applied to different 
parts of the gallery, with the ear dose to it ^ or a hole is mad« 
with an augur, about 3 inches in diameter and 18 inches deep, 
and the ear closely applied ther6 : by these means the working 
ntider grot^nd may be rendered sensil^ at a gr^t^ distance, 
accQrdtng to the degress of dttticiey in tke sofl. 
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known from experience, that a miner at work 
ii heard at the distance of 30 yards. The list- 
ners in, fn, gn, &c.. are generally made pa- 
raliel to the capitals of the works. But' some, 
as Oil, vq, along the gallery of envelope, take 
difF(»^nt directions. When the perpendicular 
distance between the extreme listners gn, f q, 
does not exceed 120 yards, the envelope gf is 
hite^tied in o, then a line drawn joining the ex- 
tremitteis n and q of the listners, being likewise 
bisected in n, and the line' o n drawn will give 
the direction of the intervening listner. Should 
the perpendicular distance between the ex^ 
treme listners gn and fq exceed 120 yards, the 
lined f g, nq, are each divided into three equal 
patts, and <lieir corresponding points of divi- 
Mik being joined, will determine the directions 
df the intermediate listners. By thili means the 
position of any required number of listners may 
be determined. 

The tracing of the listners fn, gn, &c. on 
the ground, is performed as follows; at the ex^ 
tremities f and g of the part of envelope f g, 
lifter f n, gto) ai« traced perpendicular to f g, 
m, Whieh llie length of the listners is set off^ 
and these listners will be parallel to the capitals 
of the \\>t>fkf. At iStit point o, an angle nof 



Digitized by 



Google 



24 A TREATISK 

is traced with an instrument, or by the means 
of a cord and pickets, * equal to the given angle 
in the directing plan, which will determine the 
direction of the listner made along the enve- 
lope g f, on which the required length ' is set 
off; and at its extremities o and n, pickets are 
fixed, being distinguished from the other pickets 
hy a particular mark, * 

In constructing the piers of these several 
galleries, openings are left, from distance to 
distance, of 2 feet wide and 3 fipet high, filled 
up afterwards with a dry stone wall, so as to be 
easily removed, when branches are to be carried 
on from them. 

Besides th^ defensive mines made under the 
glacis to defend the cpuntei-scarp, others ought 
to be constructed under the terjeplein behind 
the revetement of the escarp of the works,- 
when erecting the fortification ; the bottpm of 
these galleries to be on a level with that of the 
ditch, having openings left in them, from dis- 
tance to di$tance^ whence branches may be 
made through the foundation, either towards 
the enemy's miner, when endeavouring to form 
a breach, or should a breach be made with: 

* See the Field Engineer's Vade Mecum, prob. 18. 
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canaon, to make chambers under the rubbish,' 
the effect of which will form a new scarp, and 
oblige the besieger to begin again to batter it 
From these galleries of escarp, and by means 
of stairs, galleries *of communication to the 
gallery of. counterscarp may be made under the 
ditch, ,when it is quite dry, so as to carry on 
either .from this , gallery, or from that of the 
escarp branches towards the besieger's passage 
of jthe ditch, in order to destroy his epaulement 
by fougasses, whdse line of least resistance 
need not be more than 6 feet. 

Tho. galleries undei; the ditch are seldom 
made before the place* is invested; for, being 
constructed of timber-work, the execution of 
them requires but a short time. The roof of 
these galleries of communication must be 5 or 
G feet below, the surface of the bottom of the 
ditch, in order to secure them from the eifect 
of shells, 

, The. entrance to the gallery of escarp a bc^ 
fig. 2,;behiad the revetement of the faces of a 
full bastion, is made at x in the interior slope^ 
consisting first of a gallery x y, constructed in 
the direction of ,the capital, not so low as the 
gallery of escarp, and carried to within 18 or 
SO yards of the flanked angle b. From a point 
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a^ taken in this gallery, being in a line with the 
angles a and c of the shoulders, a transverse 
gallery is made joining the extremities of those 
of escarp at the faces, and forming a comma* 
nication with them; for which purpose, frotn 
the entrance x towards a', and from thence to- 
wards a and c, a sufficient slope is given. The 
listening gallery a^y is made ascending from a' 
towards y, whence branches may be carried on 
uqder the besieger's lodgment at the top of the 
breach. 

In an empty bastion, the entnmces to com* 
municate to the gallery«of escarp are made* at 
there-entering angles r, s, t, fig. !• of the iq* 
terior slope, where stairs are constructed fot 
this purpose. 

When there are no main gdleries made be- 
hind the revetement of the escarp, shafts of a 
sufficient depth are sunk in the terreplein of 
the works, close to the revetement of the^esca/p, 
whence listners may be made to discover the 
enemy's miner, as aiso to carry on from thenM 
branches under the breach and under the bdt* 
torn of the ditch. When the terreplein dees 
not occupy all the interior capacity of tfa* 
work, ins^tead of sinking shafte, a gallery ^ 
communication of timber-wdrk is oonsttneted 
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under the terreplein, its entrance being oppo* 
site to the place^ whence the listners and the 
branches under the ditch are to be carried on. 

When there is no redoubt in the ravelin, its 
main gallery is made behind the revetcment of 
its faces ; and when the terreplein occupies all 
its interior capacity^ the entrance is at the pro- 
files or shoulders ; but when the terreplein and 
interior slope is made parallel to the faces, the 
communication to the gallery is made under 
the rampart. These communications have the 
advantage over the former of being concealed 
from the besieger, 

When a redoubt is constructed in the rava* 
liii, a gallery of escarp is made along its faces, 
with a Qommunication under the ditch from 
that part of the gallery of escarp near the 
shoulder of th^ bastion, and stairs are con- 
trived at the extremities u and c', fig. 2. The 
redoubt has likewise a transverse gallery c' d', 
and another e' f , in a line with its capital, for 
the same purpose as those in the full bastion ; 
besides the entrance made to these galleries 
from the gallery of escarp at c\ another one is 
made at e' in the gorge. From the gallery at 
the faces of the redoubt, there is a communi- 
catioif p, with stairs under its ditch to the ravje- 
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lin ; behind the revetement of which a gallery 
is constructed, whence several listners q are 
made across the ravelin, reaching to the back 
of the revetement of its escarp; from the ex- 
tremities of them branches are occasionally 
carried under the ditch, for the purpose of 
acting by the means of fougasses against the 
passage of the ditch, and to scarp the breach. 

When defensive mines are added to such 
fronts only as are most likely to be attacked, 
they should if possible be extended to at least 
one-half of each adjacent front, in order to 
oblige the besieger to act against them under 
ground as well as above it ; otherwise he would 
attack separately and in preference, these two 
half, fronts, from which he would not meet 
with the same resistance. 

A general rule to be observed is, to place 
the defensive mines as low as possible, in order 
to have the advantage of the enemy. This ad- 
vantage is obtained when the counterscarp has 
a great relief; as for example, from 18 to 22 
feet, and the crest of the glacis au elevation of 
8 feet above the plane of site, in which case 
the main gallery, generally on a level with the 
ditch, will be at such a distance from the sur- 
face of the ground as tp give a depth of 24 feet 
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to the bottom of the galleries under the glacis : 
this is found sufficient, as it is known that the 
besieger's miner cannot place his chamber lower 
than 20 feet from the surface for want of air, 
with which he cannot without great difficulty 
be supplied by the means generally known, 
particularly when so near to the defences of 
the place. 

The depth of the defensive galleries below 
the surface of the ground being determined, l^ 
the height of the countq.rscarp a b, PI. 4, fig. 1 
be 18 feet, that of the parapet of the covert- 
way 8 feet; the breadth of the glacis 50 yards, 
and the bottom c of the gallery of envelope, as 
determined, 24 feet from the surface, then thei'e 
will be a slope of 5 feet from e to c, supposing 
the gkcis at d to be 7 feet lower than at g. 
The bottom of the listner being made ascend- 
ing towards the country 1 inch per yard, and 
the length of this gallery being 40 yards, the 
height i f, of its slope, will be 3 feet 4 inches. 
The slopes of these two galleries meeting at 
the lowest point c, the water filtering through 
the earth will be drained towards the gallery of 
envelope, where sinks are made to carry it offi 

When the height a b, fig. 2, of the counter- 
scarp is only 15 or 16 feet, in order to obtain 
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the required depth far the d^ensive mineai the 
bottom d of the main gallery must be mude 
lower than that of the ditch; foT example, ap- 
pose the height of the counterscarp to be 15 feet, 
and that of the parapet of the covert- way 8 feet, 
the total height to the crest f of the glacis will 
be 23 feet ; then, if the point c be 7 feet lower 
tlian the crest f, and the bottom e of the en- 
velope 24 feet below the surface of the glacis 
as before, the height eg will be 31 feet; the 
difference between this and the total height 
23 feet a.t the counterscarp is 8 feet, and de- 
ducting 4 feet for the declivity to be given 
from the main gallery d, towards that of the 
envelope e, the remaining 4 feet will be tbc 
depth of the bottom d of the main gallery be* 
low that of the ditch, to which the communis- 
cation is by a ramp ad. 

The listner e h being of the same length, 
and its slope 1 inch per yard, as in the pre- 
ceding example, the height bk from its bot- 
tom to the surface k of the ground will easily 
be ascertained. 

Should the plane of a site bk be ascending 
from the place towards the country, and have 
such an inclination as to give the glacis a de- 
clivity of two feet towards the covert- way, the 
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l>Qt<;Qm d of the main gallery being oil a level 
with that of the ditch; the height of the 
countersqarp a b supposed, as in the preced* 
iug e:Kample/ to be 15 feet, and that of the 
parapet of the covert-way 8 feet, the total 
height will be 23 feet; then the determined 
depth ef 24 feet, from the surface e of the gla- 
cis to the bottom c of the gallery of envelope 
being observed, there will be a slope of 1 foot 
from the envelope c towards the main gallery d, 
which will give ^ of an inch acclivity per yard* 
Tl^ greatest depth k a to be given to the bot* 
torn of .the listening gallery at a ought not to 
exceed 20, or, at most, 21 feet, so that from the 
fight and from the left of this gallery branches 
may be made to place chambers of fougasses 
undet the besieger's works ; and as the lines of 
least resistance of these mines should not be 
more than J feet, the branches would require 
a very steep ascent if the listening gallery wss 
situated at a greater depth. 

The slope a c of the listener is determined 
in this manner: If the difference of level e f be* 
tween the two pointy e and k be found by le- 
velling to be 7 feet, to this depth ec 24 feet 
being added, will make 31 feet; and if through 
c a horizontal line ch is supposed to be drawn. 
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the height hk will be equal to of 31 feet; from 
niis the depth a, k, 21 feet, being deducted, the 
remaining 10 feet will be the height ha of the 
slope •; then the horizontal length ch of the list- 
ner being 40 yards, the acclivity will be ^ or 
\ foot, equal to 3 inches per yard. 

The tracing of the defensive mines on the 
ground being performed, and the distances the 
shafts are to be from centre to centre of each 
other, distinguished 'by the means of pickets 
with a particular mark, and placed in the exact 
direction of the middle line of the gallery; th^n 
all other pickets are to be removed, in order to 
avoid confusion. 

To determine the required depth to be given 
to the shafts a, b, c, &c. fig. 4, below the sur- 
face of the ground, the height of the counter- 
scarp being 18 feet, and that of the parapet 
of the «co vert- way 8 feet, which total height 
being 26 feet, the bottom a of the main gal- 
lery may be situated on a level with that of 
the ditch, as has already been mentioned : sup- 
pose also the length ab of the gallery of com- 
munication to be 60 yards, and the shafts a,b,c, 
&c. to be 20 yards distant from centre to centre 
of each other. At the middle point f, between 
e and d, a water level is placed; and upon the 
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tarreplein of the banquette, at c, a sliding-stal^ 
with a vane, e, is kept upright by an assist* 
ant; dien the.observer at f, by the means of 
^ignSy makes him move tiie vane, till be finds 
the middle of it correspond in aline wit^ tbe 

surface of the water in the two vials t if the 

f ^ f ' 

height cd thus determined above iStie terrapleiti 
of the banquette be supposed S feet 6 inches, 
add to this the height ac, 21 feet 6 inehss from 
the bottom a of the main gaiiery to l3ie surfaoe 
<3f ,tb<l banquette, and the sum will be 87 feet* 
Hi^ level temainitig in the same situation, ah 
aussistant piaces the staff e^here be is to mo^ 
ti|6;«yane, till the observer at f finds the n^ddlfs 
line of it to correspond with the surface of 1h^ 
watei- in the vdals ; if this height eg above the 
surface of the glacis is 6 feet^ and is' added t6 
S4 feet, llie given depth for the bottom b of the 
gallery of envelope, the isum will be 38 feet, 
from this the hdght a d, 27 feet, being deduct- 
ed, the remainiiig 5 feet will be the required 
^lope to be given to the gallery of communica- 
tion a b^ the horizontal length hb of this gal-^ 
tery being 60 yards, ^nd the height ha of i^ 
slope 5 feet, its deelivity per yard will be i 
4nch. ^ 

The leyel being in the same situation^ the 
I) 
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.assistant is/te plaae thestafF upon fhe |)oint i, 
' refn eseatiiag th^ centre of die shaft r ; wheie 
heisrt© alide the vanealongitiiej staff till the 
observdr at f finds the middle line of it to cot- 
respond wi& the surface of the water in the 
nrial3> which will determine the height i k ; sup- 
r jiose thisf height to be 5, feet 8 ladies j that m^n 
of thtft slop6 dififtant 20 yards from b will beiao 
.inches, or 1 foot 8 inches, which being added 
to ik, and the sum 7 feet 4 inches deduoted 
from, the total height mk 3S feet, the remain- 
,ing 24 feet 8 inches will be the depth i n to be^ 
given to the shaft c. The assistant is then to 
place the st&ff at the point o, representing the 
centre of the shaft b, and proceeds in the same 
manner to move the sliding vane according to 
the sign made to him by the observer at f ; the 
height op thus founds from th© surface o of tlje 
gldcid, which suppose to be 3 feet % inches^ 
being addedi to the height r s of the slope of 
the gallery, distant 40 yards from b, which is 
40 inches, or 3 feet4 inches, and the suni 6 feet 
6 inches deducted from the total height rp, 32 
feet, the remaining 25 feet 6 inches will bethev 
depth OS t6 be given to the shaft b- 

The listening gallery bt being made ascend- 
ing, froiw the envelope b towards the country, of 
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i inph per yzxA, the required depth to be given 
^o the shafts £ and 9 will be obtained in the 
emne manner as those of the gallery of ocxnteii- 
nioation ab. ~ > 

In the centre of the bottom of ^each shaft a 
picket about 4 inches square is driven into the 
^oundj till its top corresponds exactly with the 
tequired depth of the shaft. This picket is for 
the purpose of ascertaining that direction of 
tiie galleries carried on from the bottom of the 
sliaf t to correspond with their relative trachfigs 
«fn the surface of the ground, of which opera«^ 
Dion more will be said hereafter,. . 

: lite, depth of two shafts, it and p, fig- 5; 
being given, that- of .several others, m and n, 
may likewise be determined by the means* of 
staves equal in length. Suppose, for example, 
the' extreme shafts t and p are sunk to their re- 
fpifred depth, one of the staves is placed upon 
thecentre of the. shaft l, and another upbn that 
of the shaft p, both to be kept vertically, 
these two staves being placed, the sinking of 
the other shafts m and n is carried on till th^ 
ttips *a'b of other staves, exactly of tlie same 
length as the former, when introduced into 
them are found to be in a line with those c and 
PS 
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ci.5 thea, ts'^i the rtayies tri of ttoe samfe 
kbgthi the :ekds f &nd g bf ths diltenneffiatfe 
fitarn iBT^titkeiiriseite; Ita, aliiaia with those eaaid 
h, consequently the required slope <!o be givea 
to the .galkty ander gi^oiitod will be dfeter* 
mined. 

The grffterics of tiefensivc rtitAe^ art gene^ 
TaHy oon«tra€ted of cbasoni^; but pi c&se they 
);hoaId not baire been made befcire the piasce h 
besieged) tbnber is u^A for tiiera as well as fot 
those of file besieger; the ee^th of the ^ides of 
the ^afils and of thoBe of the galleries b^i%g 
retained by the lii^ais of &aines aiH} plaidcsy 
li^hidi are of the foUowiag dimensions, the 
opebingof the^aftbdn^ 7 fe^ ^ iiieh6& squar<^ 
m the <dear. 



PUS. 


sau. 


'ft>l«kncn. 


Lenttlitetha«l«ar. 


Total lenrh. 


Inch. lach. 

•5,8 byS;5' 
J^.8 5,8 
^,1 5,8 


fhchei. , 

' 39,8 1 


Inch» 

50^ 
59,9 


Luitel b • . 

Frames for shafts . 



. The jtQp frame of the shalt fig* ?, }ias the 
9ame dimensions, expept that its brancl^s pro- 
ject beyond the sides of the frai»e^hQut 15 or 
16 inches. 

The planks for Uning t^ roof of a gallery 
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are S,5 inches tinek, and those for liamg tlid 
sides, ojf the gallery and of the shaft are 1,9^ of 
an inch. Their length depetuls on the situaliion 
jKequdred to be given to the frames, which 
according tb the nature of the soit are placed 
more or less distant from each other. 

A natch' is made with a saw* at the poi»t of 
bisection in e of each bl^anch of the frames* foi* 
a shaft %• 9 and 3. As also upon the middle 
a of the sill aiul npan that h of the lintel fig. f 
of the frames for a gallery. 

Tlie direction of the gallery being traced on 
ihie-groundy the point given iii t^is )ine, where 
the centre of the shaft is to be, feeing marked 
with a picket a fig- 4 about » or 4 inches scputre 
at the top, upon which a notch is made witlTa 
saw in the exact direction of the gallery, the 
lop frtfrae of the shaft is placed horizontally 
by the means of a mason's level, the notches b, 
c,, made upon the opposite branches of the 
frame corresponding with that made upon ithe 
top of the picket a, and with the dircctioja, of 
the gallery ; th\^ being done the frame is fixed 
by the i»ea»s of pickets d, d, d, &c. 

Th^ minto then digs to the depth of about 
9 feet, more or less according to the nature of 
fh^ H6il, observing to widen the opening on 
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each ^ide: .of about 64 inches beyond: the fi^mo/ 
taking oasreat the ;8aine thne to cat the groimd 
perpeadicularlif, fig. 6. 

. . Aftei; having -taken out aU the loose earthy 
lie placea the seccmd frame h exactly parallel ta* 
that a at th^-tdp, and the notchea made ^i the. 
i|iiddie> lof each branoh must carpespond with 
those on the top frame, which is managed by 
the meansi of the plitmiikiet a i, itS'sHuittion is^ 
Iben fi^^ed by braces c, c, nailed to each of the 
collateral branches pf the two frames ; then 
the sides of- the shaft are lined with plfti^ks^ in* 
troduced from the top downwards^, between 
tjie frames and the sides of the shaft, their tops, 
projecting a]>out 1 foot above the surface at 
thetq), so as to prevent any earth of stonesi • 
from rolling into the shaft Between the planks. 
aiHl the brandies of th^ second frame wedgefil. 
d, b, e, are driven to ke^ them steady, andL 
s|lso that when taken out there m^^y be roomfor< 
^e Aes;t planks. The miner then continue^ ta 
dig, and when at suph a depth as to prevent him 
from throwing up the earth to the top. of the 
shaft, a windlass h employ^ to dnw up the 
earth in a basket, cont^ning a|^,ut CMae cubic 
foot, see fig. 20 and 21 , PL 2. 

The third frame f is placed in thipsaoio 
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mattmer as tbe second, and with the same atten* 
ticmby means of the plummet ; and tibe. lining^ 
of the space between the second and. tbkd 
fx^e^ is performed by sacc€^ssively taking out 
^e wedges before mentioned to mtrOduce the 
planks which are brought down as far as the^ 
thirf frame, where the wedges drawn out from 
the second are placed. . 
^ Wim work is contitmed^ observing to regu- 
kjfce the distances the frames are to be from^ 
eftdfa^ otfaeir in such a manner as that the last 
one may be placed within about 2 inches above 
the i30of of the gallery to be, made. For exam* 
pie, if the total depth of the shaft is to be 171 
feetj by deducting from it 7 feet for the height 
in the clear which the gallery is to occupy, 
tliore 9|^ill remain 10 feet from the upper sur** 
fiiQp of the top frame to that determining the 
height of the gallery, which will require three 
frames^ the last one included, and in this case 
they; will, he about 3^ feet distant from each 
other. ■..> - ' •• 

'Tlie irsime above the roof of the gallery 
brfngi plaoe4 the miner epptinues to dig with-* 
out piaeiiigaanothec fr«£une, till the shaft has its 
proper depth, which ki most soils he will per* 
form without much danger, If oil the con^ 
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. \jMfi. <^ S4# shoals BOt Jbe of a suftcient 
ten^jcito pisooecd t)ii^.the depth of 7 £eet with- 
out ttippwrtiiig the earti),^ he places a temporary 
^rame ^ whra^ a£ the <kpth of about 3 feelt 
fro^ tli«,p«9«eding one^ ?aA iatfoduoto pbnksr 
lisbuid ttv 90SIS ef whiieh be fiaces mtb w^ge%; 
«iia$tt«i be^ abl0 io slnft th^ otbefS dowii^ardsi 
by degrees as he digs. When the shaft m 
broyght to its required d^th th^ bottom fiame 
W tdi pliic^ so tfaats ^ notdbes made at tha 
«des of its bsasicbes may correspond exaetly^ 
Wtth^ thosie at tbo top imm. Then the Knidi^ 
iwith planks of tbatpairt of lite shaft is cacrni- 
pleted, ex^^t wbeaee the entrance of the gal^ 
lery is to be made, alteir wMch the tempoi^}^ 
fvameis taken avraj* The bottom framern i^ 
biMried in the gronndy its top siufieei being on ti 
lolneL witii the bottom of the shaft; lafe the 
ceatpe of it a picket h fig^ §, S or 4 inches 
«|aa£oat thd top^ is driven intO'the]gr0llnd}'td 
tl^ ssisie level, and u|ion its to^ a not<^4s 
made corresponding with those n and o. Blade. 
i^;themiddie of the collateral bfan€^9<<tf^^e 
botUMm^ frame and opposite to the |>rapd»eiiten^ 
tifii»bet>f the gsUery ; by whkh inew»^th» diii?c>- 
tkyii «i^e mkldle hnteiof tjbegftllery wtillibcraiado 
to corf tisp<^ iirith th«i1Siaefed oir the ground. 
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13m slmft bemg cmofl&tisA, aaid every {wrt 
of it examined^ by sicilm of the^f luimnet* to 
ascertainjribal tiethmg hiu^ h^eB.inoiwdavtof 
iu f kce iH^the ceuTse cd^ the wvxnk,; t)9i9'0|«iH 
jng of tfa^.giAlery is made by.pljscmg^tlw siU o| 
th£ &e8t ftaine on tti& cmteide 9iid cIcDseatoiig 
th0^bott^HIl £rsima o£ the shafts nd likenvi^* 
^urijedso aa to b&oa a level with it, acul; witljt 
the tap? 0£ the^ picket fdaced at the c;eotjre» ^ 
]i0tk:hiinil^uFio»itepi:|e«pen<}ip^ the dmm 
tinM. witb^ lihati^ade. iipe» this sillk «ftd t^ 
iaa4e vfp^^ thf o^oside ^ieoe ^f thfi ho^tpm 
frame, so as to &x. the e;$9<et directi<Mk <if tbf , 
'galley; the upright j^q^is^of ^ €r»maf are 
tbeu net v€»-tlca%% upon which the lintel v 
placed^; ita ooteb ccn^f^ftoiuiiiig exAeUtjr wilik 
that upon thi) n^h Inafted of pbiting a 9itt 
iM tWs hegi»ni»g of the griJery, tlw hollMi 
frai|N3 of the shaft may be; used for thiji^p^r:' 
|H08«^7iipoH which th^ ^pvight. pwoe^ ws^ be 
fixed.. <Wh«P this Stat frailie is plM«d». tb^ 
^vimm eoQtmuea tpr c»t the-gfouiQ4 jft th.e ^vem 
4ii:ectv»ipffthe galldry, 4p4 whw the> wil » of 
a wfS&mmk teudfy be pibcea hia sotoaidJmme 
a;t thft distaMfirof 3 feet Iram the &^$t r thQ ^iU 
of idUch ia pliaoed pesldikl to that «f thi^fiKt 
fi^nse,^ tiieiiiirttiit toade. nfOii it Qorreappfi4i»|p 
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\}rith those n and h, made upon the sill of the 
first frame and that upon the picket at the cen- 
tre of the shaft, which is done by stretching a 
cord along the notches. This second sill is 
likewise buried, its surface being on a level 
with that of the first frame; After this the up- 
right pieces are placed and upon them the lin- 
tel, ^ the roof and sides are then lined with 
planks, in the same manner as the sides of the 
shaft, placing wedges between the planks and 
die pieces of the second frame to leave room 
fbr the next^pkiiks, to line the space between 
the second and the third frame. 

Wbeni the soil is v^ry loose, more precau-* 
tion* mustbe observed, as well in the construe^ 
tion of the shaft as iit that of the galieyy.^ lu 
digging the shaft the frames must'be plaec^d 
neafertoseach other, or a temporary frame, as a 
fig. 7» is placed at half the distance between the 
permanent frames ; the planks of the lining are 
thea, pushed on* by degrees as ^ the woric ad'- 
vances,' till brought to the distance for the 
nenit permanent frame b, whieh the miner 
{daces with the precautions already meivtioned, 
and tthetti takes away the temporary (frame> a. 
In- respect to-l:he gallery, as soon ai the fir^t 
frame i, fig. 5, is placed and firmly secured, the 
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excavation of the ground i$ begun by introdu- 
cing horizontally aboye the Itntel of i^e- first 
frame the pinching bar, to make ro<mi for put- 
ting in a plank chamfered at the end ; this Brst 
plank will support the earth above itself,^ and. 
several other planks being introduced m the 
same manner above the lintel, the miner after- 
wards carefully removes the earth from below 
each plank with the pinching bar, and pushes 
6n gradually every other one in turti. To sup- 
poet the advanced parts of the planks in the fifst 
instance large wedges^ as may be seen in q^ sjt^ 
placed between the earth and the under sutfaoe 
of the planks ; but they are afterwards 'Sup- 
ported with more solidity, by a prop placed 
vertically under a plank, placed aeross ihb 
Qkhers^ the lower end of this prop resting upon 
the slope of the excavation, and having a bori-^ 
sontal step made to receive a piece of plank, 
irlneb serves as a sill to the prop, as repo^esent- 
ed in &; tliis gives a facility of proceeding, 
land when the excavation is completed to a 
entail distance from the first frame a tempo* 
rary ont^ p istphicod, its upright pieces resting 
upon^-a piece Tvt^f timber insteM of a sill ; when 
the ^nks have been pushed forward to rest 
upon the Untel of this temporary frame the 
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prop i$ tat^en aw^y. As soon ^ t^s roof Qi{ 
the gallery I^ been tl^u^ secured, pl^ksaj:^ 
introduced pp the outside of the upright j^kce^, 
^f the first frai^,e for li^iiig th^ sid^pf thft 
g^ll^?y until they, reach th€/upfi;ght pieces?, o| 
thq t^mpprary %ipe, begiaijii^g. \vith tho^e a^ 
the tfOji. and continuing downwards a& tl^ ^atth 
k removed to giy^ room for tbo^ tqw^da th© 
Igottowi ; but befor? introd^ciiig. tho^e at. the 
bpttpfli a stay is fixejd fe^jfcween. t}^e two iiprjjjgiKl 
fi«fi^.of the temparary frames in order to pi:e^ 
Yf ?t thejtn from giving way tp the. lateral pwi^ 
tiiie pf the earth, and cawsiug thn lower part . of 
th^^ t« approach mch pthex* 

The Qx^^avation is CQHtini^ed in thesrai^ 
8)api^]r> Hxstmakiaig iioamgfadually to advanf^c 
tlie planks of tfee iroof frc«ii the temponfy 
ffairie^ which mu&l be done carefully, and withr 
p«i5t shaking the; earth, in shifting them forward 
b^ mieans of the pinching bar used a$ a le^ei^ 
Tbe aame precautions are: used ini. driving* ftav 
ward$ the plaaaks to line t^he sade$ in proper iioii 
w tib^ earth is reino.ved, till arrived at the fi^m^ 
where the permap^xit fyai^e is t^ be^ tb^siU 
of which is placed, and successively the. upri^iUt 
pieces and tlijd lintel^ observing tdt intrpdut^ 
wedges bet^freen 1^ last ^ieees of the f^mes 
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and the plstnkfi^ so us td pr^eive the reqarred 
ipaee for the next planliLs of the liaing. 

These particulars pf the constructbiiof a 
gaUeiy of timber work fifecSt high and $ feet 
wide, su-e applicable to those of any other di^ 
men^ioiis, when the soil is good ; l)ut when bad 
the diffiealties augment in proportion as they 
are made larger or smaller, becairse when larger 
it is more difficult to retain a greater surface 
^aTi a less ome, and when of smaller dimen*- 
^icOks the mitier being obliged, iti the branc)^s 
to work xxpbn bis knees or letting, is mot able to 
iDCt wit3i >adyantage or to receive assistance ifrom 
hid second, and consequently will have more 
difficulty in proceeding, 

Whfen a grbund beforte a front of fortifica- 
tSbn i^ to be defended by means of mines, and 
has beenfouAd to be of an unfavourable nature, 
consisting of loose sand or gravel, the galleries 
and branches must be constructed by means of 
trenches and in 'times of peace, or at least some 
timeheforcii$i$ge; aB it would not be posi^ible 
to qonstruet them, when the pla6e is inV6Sted 
tor besieged, because it would then be too late 
to^rform that work by the means of trenches. 
But it is to be observed, that in this case there 
C5an be no fear of the besieger's miner, to whom 
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the Mil<wiil not be. more favourable tlian to thtt 
besieged, and th^irefore tins dei«asive systtm of 
iniiiea> will be preferr^ accordingly). 

When a gallery of niasonry is to be con^ 
istructed one of; timber is firist made, and this 
diiTersfrom the galleries already described only 
by being of larger dimensicms, which usually 
are 6 feet 2 inches in the clear of thetiprjgkt 
^eces or postS) and 7 feet 6 inches high below 
t))e,Ufitel. The shafts ave likewise nxadelarger^ 
thfi spelling being 7 feet 5 inches square^ and 
$j9n(iejtiimes even from 12 to 14 feet when sunk 
#t the junction of two galleries grossing each 
Dther, and where it is proposed to have a large^r 
space than that of the gallery, to serve aa^ a 
depdtand to facilitate the wprk of the galleriea* 
The pieces of wood for the construction of 
such a gallei-y have generally the following 
dimensions: 



^u 


Tbicknesi. 


Leogthinthe clear. 


Total length. 


lAChei. . Inches. 
7,% by 4,8 
7,2 7,2 
8,2 7,2 
6,8 5,8 


Inclici. 

74,0 . 
90,0 ' 
74,0 
72,0 


laehcs* 

88,4 
96,5 

m 

83.tf 


tTpright pieces... 

total 

Fhunes for shafts . 



The planks for the foof and for lining the 
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sides of the gallery and of the shaft, hare the 
same dimensions as those which have already 
been described in the constmctioti of a ^^^i^oodeh 
gfaUery. 

. The piers being marked out, and theit 
foutidMion of about 6 inches in d^pth being 
brought on a level with the bottom of the' gal- 
lery, the lintel a fig. 8 and g Pi. 5 is supported 
by ipeanii of a trestle b ; and the planks d d of 
the lining on each side of the galleify are re- 
tamed by means of stays e, e, e, then thte 
upright pieces or posts of the frame and its sill 
c are carefully removed, after which the pie» 
aire carried up, and by degrees, as the work 
advances, the planks are taken out from behind 
them, and the space filled up with earth ind 
.flat stones. The piers being carried tip to tbc 
height of the springing f, fig. 1 of the arch; two 
small props g, g are substituted instead of the 
trestle b fig, 8 and 9, resting upon the top of 
the' piers; then joist? h are placed in the di-^ 
rection of the gallery, supported by means of 
tthe small posts k, on which joists, the ceijtres 
i are to rest to construct the arch. These 
centres coniHst of planks cut semicircular, iig. 
11, and fixed upright upon a rectangular frame, 
fig. 12, of 3 feet long and 18 inches broad, 



Digitized by VjOOQ IC 



4S A TEEA^ISE 

connected mt|i laifas foxming a tamboun The 
ai^lig fft began at the middle of the gallery 
where two of Uie above meotibiied tambours . 
are placed together; then the work is perform^ 
^^y two ma&ons facing each otber^ and after 
they have completed that part of the arch 
which ^ill be 3 feet in length, each takes out 
his tambour, and places it for continuing the 
^bfpli tow:ards his end of the gallery,; by this 
ine^nf l^tft few taij^bours iire require. By 
d$gr969i as P9Lch portion of the arch is oom^ 
pleSffjf^ it. is reinfoi^ced with masonry, from the 
tgp ©f tbe pi^r? to the hei^t df the intradps 
pf th^ k^y-stpnC; and tb« r^aining epcice 
9);i^v< ^hf extcados and sides is filled up with 
eaJTt^ well Jammed, as also the part left after 
havi9g taketi out the planks of the roo^ and 
thf U&>t(^l> trhea the earth does nc^ rest upon 
theil)^ |»d 1^ otf" a sufficient tenacity to support 
dts^f ; btit if on the con^ary the nature of the 
$Qil.4^ovld be such a^ to form a pressure against 
Xh^Xf^^ VSi l^e liniBg of the sides of the gal* 
le^y^ the idea of ecoii^cmiy in taking away the 
tiiytier niiti^ be al^andoned, and it mustremaia 
^Bcl«»di)athe wodc* 

3I239 (piU(tM9f tttiber of masonty or timber, 
ar^ ti>i»Uy of the following dimensions ^ The 
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main ;gallerie8 are 6 feet high and 3 feet wide; 
tho^e of communication and listening gallmes 
are 4 ftet 6 inches high and 3 feet wide^ called 
half galleries ; and the branches are 3 feet 3 

^ inches high and 2 feet 3 inches wide in the 
clear. The bmnches and the shafts are always 
constructed of timber, except when destined to 
keep up a circulation of air in permanent mines, 

, in which case the shafts are of masonry. 

In the galleries of masonry, preparations are 
generally made to defend them inch by inch, 
consisting of strong doors, having the upper 
part, answering to the arch, made circular^ and 
by means of hinges to be turned up after the 
lower part is shut; loop-holes are made in these 
doors, secured with small shutters, called clap- 
pets ; through these openings may be thrown 
grenades, smoke-balls, or bags containing about 
9 pounds of powder, fired by a quick match. 
Grooves are made in the piers 6 or 7 inches deep, 
and the same in brfeadth, to receive pieces of 
timber placed horizontally accross the gallery, 
in order to cut off such parts of it as are in- 
tended to be abandoned* Also pits are made 
atid covered with boards to be removed occa- 
sionally. 

Experience has sufficiently proved '^hat it is 



Digitized by 



Google 



/• 



50 A TREATISE 

not possible to construct galleries in lojOSe dry 
ssLtid, or loose gravel, unless by means of open 
trenches, as shall be hereafter explained. ^ But, 
however, as cases may occur where a shaft can 
te sunk to the spot required for the chamber, 
this measure alone is practicable in the above 
described soil, and was actually carried into 
effect, attended with complete success, in the^ 
destruction of the forts St. Philip and Sta. Bar- 
bara, on the flanks of the Spanish lines before 
Gibraltar. In order to sink such shafts, several 
tambours, or square boxes of timber, PI. V. fig. 
19, 14, and 15, consisting each of planks 4 feet 
long, and nailed upon the outside of two frames, 
a and b, fig. 15; but the bottom frame b must 
be sufficiently smaller than the frame a to 
admit of these boxes to fit into each other; 
the difference, therefore, in the diameter of 
these two frames will be equal to twice the 
thickness of the planks used for the sides of the 
boxes, as^ shown in fig. l6. lia commencing a 
shaft of this nature, one of the boxe^ is placed 
On the spot where the gronnd is to be opened ; 
the miner then proceeds to excavate below the 
edges of the box whilst others are employed in 
forcing it down, until its top becomes on a level 
with the surface of the ground; another l}ox is 
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then placed on the top of the first, the minot 
being employed as before^ and as many men as 
can stand on a few planks laid across the top of 
tiie second box, endeavour, by their weight and 
by jumping, to force it down together with the 
first.^ 

This is the plan that was pursued for demo* 
lishing the forts of St. Philip and Sta. Barbara in . 
the year 1810; the direction of the destructioti 
of the former was intrusted to captain Hard^ 
ing, ' of thfe royal-engineers, who has had the 
goodness to Communicate the particulars of this 
operation, * 

On this occasion several attempts to carry 
on a gallery horizontally under the rampart 
were made from the inside f, PL Xill. fig» 3, 
of the work towards the revetemcnt d of the 
escarp ; and it was found impracticable to make 
any progress in that direction, the sand sliding 
into the opening of the gallery as fast as it could 
i}e removed, until the terreplein f ell in. Shafts 
g c, as already mentioned, were then sunk in 
the superior slope of the parapet, along the 
tails of the counter-forts, to nearly the dq)th 
of the bottom d of the ditch, and returns for 
the chambers were made in the counter-forts 
h, which was attended with some difficulty, 
^ » 8 •. 
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through the hardness of the masonry. These 
chambers were then loaded with 765 pounds of 
powder, the auget placed itrith the saMcisson ia 
the usual manner, and the stopping up was com* 
pleted to within 5 feet of the top with clay and 
stones; the remainder was filled with sand* 

It must, however, be remarked, that on this 
occasion, after the ^rst two or three boxes. had 
been 5unk, the presence *of the sand against 
their sides became so great, that no eifort was 
found sufficient to make further progress in that 
manner, aiid recourse was had to the frames 
with shifting planks behind them- 

The thickness of the revetement of escarp, 
together with the perpendicular height of mate- 
rials to be removed, as also the effect produced 
by the explosion, will be readily understood by 
consulting fig. 2. It is also worthy of notice, 
that notwithstanding the pains that were taken 
to insure the explosion of the mines as nearly at 
one instant as possible, yet it appears that some 
of them did not take effect until about half a 
minute after the others ; this was attributed to 
the irregularity in the burning of the port- 
fircs. 

N.B. The effect of the mines is expressed 
on the profiile, fig. 12, by the line a, b, c, d. The 
top of the interior revetement marked e, repre- 
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seated in dotted lines, wa» displaced by the ex* 
{ilosion, and the remainder of that revetenoent 
rent in several- places, as shown tm the saiM 
profile. 

When the soil is such ^s to render it impbs^ 
sible to carry on galleries of mines under ground^ 
they must be constructed by means of open 
trenches, in the following manner. Beams AB^ 
CD^^Ag: 1, PL.VL of 30 or 36 feet long, are 
placed parallel to the line £F, rejpresenting the 
middle line of the gallery, their distance from 
outside to outside of each other, being equal to 
the breadth out of the clear, to be given to the 
gallery, including the thickness of its piers; 
antl supported by joists ,G H, I K, &c. placed 
under them at the distance of 12 or 15 feet 
from, each other, their extremities projecting 3 
feet ijcyoiwi the beams A B, C D. 

The miner excavates the soil to the outside 
of the beams to the depth of about 2^ or 3 
feet, according to the nature of the soil, where 
he places, exactly horizontal, a series of frames^ 
whether sqiiq^re or rectangular,* as a, a, &c. 

' '^ At the middle of each piece of these frames a notch is 
made with a saw^ in order to regulate^ by .the meah^ of the 
plummet, the situation to be giveo*to the following frames, and 
the direction of the jniddle line of the gallery at the bottom of 
tb^ trench, 
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4g. 1^ iy^ni 3i thct outoides of which are to be 
perp£»4iiCialarly vtstd^t those of the long beasoa; 
hfi afterwards retaiiis the earth with planks^ 
which he introduces along the exterior edges of 
the b^ms, aad presses them against the earth, 
tiy li&ea^^ of wedges between them and the first 
l^ameil, and this row of frames ift fixed with 
iMr^ces to the beams, as observed in sinking 
ihftftsw When titiis part of thb lining is' coiur 
pl^edt the miner conjamies to excaviate to the 
depth of a second stage of frames, which he 
places with the s&me precautions aa the firsts 
As many windlasses ais may be nc^Oeasary ar^ 
fixed upon joists laid across upon the top of the 
beams, and upon these, board^^ ate laid to com* 
QTunicate over the trench. 

The trench being brought to its: required 
depth, and the last fjraifie placed within 1 fioot 
of the bottom of the gdilery, so. that the last 
planks of the lining are. one foot lower than the 
irame, the construction of the gallery is bi^un. 

Thtt masonry is commenced at the lower 
ends of the planks of the lining, and when 
brought to the height of 6 inches, the last 
frame is taken away, for w^hich purpose it had 
been placed I foot ^bove the bottom of the 
gallery; afterwards tiie masonry is to be con- 
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tinued, and when it hks been brought to the 
height of 15 or 18 inches, the last pliinkft of the 
lining are to be removed upwards by the means 
of the pinching bar^ used as a levctr; *till about 
only 6 inches of them remains behind the ma« 
sonry, as shown at b, fig. 2. ; and wedges c, c/ 
&e; are placed between the heads of these 
planks thus brought up, and those against; 
whith they rest, so as to press the lower aids 
of them against the earth. This being doiie, the 
masonry is continued and the planks raised as 
before, till tlie piier is brought to the height of 
the next frame; then all thd last- planks are en« 
tirely taken out, by plating wedges between the 
second frame and the superior planks, for thd 
purpose of replacing them. Td take out thd 
second frame, at the distadce of 8 or ^ inches 
above it, boards d, fig. a and 3, aire placed against 
the planks, and secured by nieans x)f two stays 
e, e, extending ac)ross the trerich"; when theae 
are placed, the second frame is removed, and 
the masonry is continued against thd ends of 
the, second planks, below thd stays which are 
taken an^ay, when the masonry is raised about 6 
inches^abovd the bottom of the planks, in #hicb 
state they are to remaitt till the arcTi of the gal- 
lery, which is to bip made betweep the second 
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and third frame, is completed; then the haunches 
or spandrils are to be re-inforced with earth 
well rammed, the second planks brought up by 
degrees. * The haunches must be filled up till 
come to the height of the top of the extrados,^ 
where the third frame will be found. By re- 
peating«4he same process the remblai above the 
gallery takes place by degrees, and with a little 
care and attention, all the wood employed in 
the excavation will be withdrawn. 

When the gallery is constructed of timber 
only, it will likewise be possible to withdraw all 
the pieqgs of wood used in the excavation, ii^ 
the following manner. The.framfs of the gal- 
lery arc kept in thqir situation by means of 
braces and wedges against the lining-planks of 
the excavation* The first row of planks in the 
lining of the gallery is placed, and then by the 
means of the pinching bar and a trestle the last 
planks of thelining are forced upwards about 6 
inches; after this the second plank of the lining 
is placed, and the lining-planks of the exca- 
vation are shifted upwards about one foot, and 
so on to the height of the second frame, 
which is taken away and replaced by boards 
against which stays are fixed across the trench. 
These stays are removed when the ends of the 
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second planks of these excavations are replaced 
by the planks of the lining of the gallery^ so 
that the process for withdrawing the wood does 
not differ from that employed foi the gallery of 
masonry, except with respect to the trestles 
used for the raising the planks : these trestles 
are about 6 fee% high, having several holes to 
receive an iron bolt, which serves as a fulcrum 
for the pinching-bar. This method of con- 
structing galleries of masonry and timber is 
very expeditious, when workmen and materials 
are at hand, as in this case nothing prevents us 
from multiplying the means of a speedy exeCu^ 
tion^ and even of completing the total excavation 
in the same time necessary for that of the shafts, 
which must be sunk for the subterraneous 
construction; as the method by trenches is 
nothing more than a shaft of equal extent 
with the gallery. From this method there also 
results a considerable saving; 1st, in the wood, 
which may all be withdrawn ; whereas, in the 
construction of galleries of masonry under- 
ground, more or less must be abandoned : Sdly^ 
in the pay of the workmen (at least when the 
gallery is of masonry,) because a brigade of 
miners who are employed under ground, and 
excavate 54 cubic feet in one day^ the placing 
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of the frames and the lining included^ will, 
in a trench, when they are at their ' eaae, 
excavate S97 cubic feet in. the same time, 
which, however, may be reduced to S70 cubic 
feet^ on account of the time required for placing 
the frames and Iming, Consequently the day's 
work by ihe two brigades will be as 870 : 45, 
or as 5 : 1, and the quantity of work to be done 
by each brigade, for bj gallery of a mean depth 
below the surface, supposed to be about 18 feet, 
as 6 ; 2, or as 3 : 1 ; if there be added unity for 
the rembki, which will be more than is wanted, 
aa its execution will not require half- the time 
of the deblai. Therefore the relation between 
the quantities of work to be performed will be 
as 4: 1; add the real work of the two sets of 
minerii per day being sis 5 : 1, it follows that 
there will be one-fifth gained upon each day's 
work. Sdly, Also in the construction of tAb,^ 
sbnvy, which will sooner be done by the same 
number of men in an open tre^eh than under 
ground. 

^ 'this method is therefore preferable in time 
af pea(5e, or when the place is not threatened 
by * siege; or, in didrt,'the enemy's know- 
ledge of the galleries to be constructed is of 
little cons^uenice. 
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COK9TRU0TI0K OF 8HAFT9 90a FOUaA89£S» 
F£AC£D BEFORE THE SALIENT ANO^Lft OV 
A WORK, OR ALONG SUCH I^ARTS OF AN IN- 
TRENCHHENT AS HAVE HfO FLANK DSnNCt. 

Having previously prepared a <iertain num- 
ber of bod-rdsj a and b, P!. VI. fig. 4, of 3 feet 2 
inches long^ 2 feet broaid, and about 1 inch 
tlnck, notched at the extremit^s c and d, equal 
in depth^ to the thiefcness of the board; and 
through half it9 breaidthcf, d^e^ at the pCace 
where llle sbaf^ i^ to be sunk, a square g'ikl^ 
fig. 6, is traced, of which the sides are S feet 2 
inches, representing the opening, to be given to 
the shaft The miner, according to this figure, 
digs vertically to the depth of S feet, then lines 
the four sides with the abovementioned boards, 
placed in such a manner as' that^the notch of the 
0sm may correspond with the projecting part of 
the adjoining'board, which will form a tambour 
or frame to retain the earth. This first tam- 
bonr 'being plac^ed, the miner fi^es it with 
pidsetl driven into the sides of the shaft be- 
low the boards; then contknues td dig S^feet 
more in depth, and places^ another tambotir in 
^esame manner as the first, drawing' out the 
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pickets, and placing, them below the second 
Umbour; and so on till he arrives at the re* 
quiri^d depth of the shaft, wher€ he makes the 
chamber h, fig« 5 and 6, on o^e side of the shaft; 
which, after beiog loaded^ and the saucisson in- 
troduced, is propped up, as shown in the profile 
and the plap, fig. 5 and 6; a further explana« 
tion of which will be subsequently given. 

It should be observed, that in a strong isoil 
th^ tambours, instead of joining each other^ 
may b^ placed so as to le^ve a space of l^ or a 
feet between them, each being supported by 
pickets fixed into the sides of the shaft* 

« 

METHOD OF PROCEEDING IN THE CONSTRUC* 
Tiok OF ASCENDING AND DESCENDING GAL-- 
'■ ■' LERIES AND BRANCH£S. 

The position of thte bottom of the galleries 
below the surface of the ground having been 
determined by sinking shafts, as already ex- 
plained; when tliey are to be carried on hori- 
zontally a straight ruler iis placed upon the «ills 
gf the first two frames, with a mftson's level 
upon it, and then its plumb-line answering to 
the perpendicular will determine the horizontal 
direction of the bpttpm of the gallery j byt« 
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vhen a slope is to be given to the gallery, &s 
generally is done^ should it be only to drain off 
the water filtering through the earth; or wheii 
branches are to be made, to place ^chambers 
situated either <above or below the plane of tht 
bottom of the gallery ; the following method is 
used: a ruler A B, PI. VI. fig* 7, of 6 feet long, 
is placed horizontally, and a second C D exceed^ 
iiHg it a few inches in length is laid upon it; then 
the second ruler is inclined, so that B L may be 
equal to the height of the given slope. Thta a 
mason's level being applied to this ruler, the 
plumb-line, instead of corresponding with the 
perpendicular a b, will take an oblique direction 
ac, along which* a line cd is to be drawn; 
this being done, the required slope of the bot- 
tom of the gallery will easily be determined; for 
a ruler L M, fig. 8, being placed in the direction 
of. the gallery with the mason's level upon it, 
and inclined till the plumb-line corresponds with 
the line c d, fig. 7, will fix the position of the 
sill N, fig. 8, of the next frame ; and the same 
process being followed in placing the sills o( 
the following frames, the gallery will have the 
required slope. When the soil possesses suffi- 
cient tenacity, the method of placing the sill of 
each frame first is" generally^ used ; but when 
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'&iv$ id dot the ca$e» and the roof threatois to 
falHn, the lintel is then the first that must be 
pUced : for this purpose a frame, E FG H, fig, 7y 
is adapted to the mason's level, the piece GF 
being exactly parallel to the line C D, passing 
through the points H and £; then applying a 
ruler to the lintels I and K, fig. 8, and against it 
the side G E, fig. 7, of the mason's level, the 
plumb^ine being made to correspond with the 
line cd will give a slope to the lintels paral- 
lel to that required for the bottom of the gal- 
lery. ' 

When a branch either ascends or descends, 
its slope may be made in the form of a ramp, 
provided the height of the activity or declivity 
does not exQeed one-fourth of its horizontal 
length : should the height be greater than this, 
trhich happens in a disposition of mines of seve- 
ral stages, the bottom of the branches must be 
formed in steps, as in PL VI. fig, 9» Suppose, 
for example, the height to be 10 feet, and the 
horizontal distance from the gallery to the cham- 
ber 15 feet, the height of each step must then 
be in the same proportion to its base or tread, 
thatisas2:3. 

According to this the number of steps ih de- 
termined so as to be as easy as possible. As 
the milder is obliged to work on his knees, less 
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th^ 9 indb£8 cannot fae given to ^bic tread, 
wfaichi foy dividing the di$tai)<^e 15 £eet» ot ijBO 
inches by 9, will give SO fiteps; then, by dp- 
vidinglhe height 10 feet, or IQQ inches, by SO^ 
the quotient will be 6 inches for the height of 
each step. 

In constructing the steps, a part of a ramp 
is first made, its acclivity a b being determined 
with the ruler and the mason's level, according 
to the method above explained, and in this ramp 
a b the steps are cut ; the earth of which is supr 
ported by means of planks c, c, &c. and pickets 
d, d,.d, the length of the planks being equal to 
fbe width of the branch, and their breadth S or 
3 inches more than the height of the steps ; the 
pickets are. S inches square at the top, sharp at 
the other end, and two feet long; two of which 
are required for each step. The breadth of the 
plank is made to exceed th^ height of the step 
in order to sink the lower edge of it 3 or 3 
inches in the tread of the preceding step, that 
it may afford a greater resistance to the pres- 
sure of the earth. 

CONSTRUCTION O? M^NES WHEN A PJ.ACE IS 
THREATENED TO BE 3KSIEGED. 

When bifcupistance^ require the imibediate 
construction of defensive mines, their galleries 
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are made of timber, their dimensions being 4 
feet 6 inches high, and 3 feet wide. In these 
galleries the miners work. on their knees; the 
first excavates ; the second draws the earth t<>« 
wards him and puts it in a wheelbarrow; a 
third wheels it out of the gallery, where a fourth 
wheels it to the place assigned for it ; then the 
third brings an empty wheelbarrow back to the 
place of work. For dividing the labour amongst 
these four miners, the first and second relieve 
each other alternately, and the third and fourth 
in removing the earth do the same, because it is 
more difficult to work in the gallery than out 
of it, on account of the one in the gallery being 
obliged to wheel the earth out of it stooping4 

In the branches, which are only 3 feet 3 
inches high, and 2 feet 3 inches wide, the miner 
is obliged to work sitting; and, as he cuts the 
ground, the next miner pulls the deblai towards 
him with the bent shovel, PI. II. fig. 1, and then 
puts it in the little waggon,^ PI. II. fig. 17 and 
18, with a shovel J^iaving a short handle; a third 
miner draws the waggon out of the branch by 
means of the cord fixed to one end o^ it. Where 
the fourth receives the earth into a wheel- 
barrow, and moves it to a greater distance. The 
second afterwards draws the waggon back again 
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to the place of work by the cord fixed to the 
ether end. This method of drawing the deblai 
out of the branches is easily performed, when 
they follow a straight line, from the place of 
work to the gallery ; but when made with turn- 
ings, the earth must be handed out in bask-ets. 

The frames of the branches are made, and 
placed in the same manner as those for the gaU 
Icries, as also the lining of them ; but as they 
are very low and narrow, the earth is not so 
subject to give way as in galleries ; and there- 
fore their lining does not require so much pre- 
caution, nor their frames so much strength; 
these may be placed at a distance of more than 
3 feet from each other. However, in bad soil, 
some care should be taken in placing them. In 
a soil consisting of potter's clay, or marie, the 
lining of the galleries with planks may be omit- 
ted, and even the frames themselves; in tbis 
case the work is carried on with great rapidity, 
and with much les;s expence ; it sometimes hap- 
pens, that in ^uch a soil galleries of 4 feet 6 
inches high, and 3 feet wide, may be made 
without lining and without frames; but this is 
seldom the case. 

In the construction of a gallery of 4 feet 6 
inches high, and 3 feet wide, in which the frames 

F 
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otjjj^r,, a^dj wljpi)ften^pqrafy frajji^sare ijBnQQe^ 
s^jrjTj a l^rigax}^ of fqujr njinpra^ vfiXl e?ftc^\^e^ a^ ^ 
^l^ry. of Sifeet.in lqiigtl|iin,4^ hio»rsj ^llbjlpufh 
bj:%Cfid w,qrk.it,m^y, IjcsdoneiiBiS^lifiure,; Ijut, 
in tj^isj qgf^e tihe spU nj^mt: bej s^id)-, a? cftn^lie 
easily cuj:,^ ajtic} the v/jqx^ Rcrforine^iliy ^.^pert 
miners, ^esji^}] suppp?^, tl}ftt, in^ geppmh ^. 
brig^dq of four, mj^er^s, yi^i\l\ mal^^a g^Uery^ of 3 
fq^t in lei^gtli, in, 4 l^ur^sf,, M^l^ifih l^c^ngr qoijit 
plet§4^ 2jT}pthqr,lfrig^de of fqur,minefS( mu&t. ro- 
liqy;^ t}i(?n), qtl^erwis^ t]iey \^oul^ npt-l]*! abl^ 
to sup^pqrt. the. fft^ig^e ;0f saqh . hj^d labpur* As. 
iTjajiiy a9S,ipt^nt?.afp.as§igngd;tq,tlie:l|rig^des>of 
milters as may, b^.i^p^cejssary . tq caryy^ o^, tbe^d^- 
b|ai frq^i,the-bra(nch;a|lqi)|g.tlip;gpUeryi ^4 td^. 
draw i|:^ up throvigh, t|ie i^f^esjtn.slMtft, . 

As tl^e dimfi^siqns .of the^byaj^fji^jarife^mudi 
less:^ th^n tjiose qfj the, g^i^krif Sf, ^dl QQnse- 
quently ocjc^asionj l^s,, deblaii tOj b^- reiQQy^^ 
some:autJiqi:?-l^aye:im?gii\€;d.tha^ 
tion will.req\iire le^sS: tin^e; tfe[ap>;tj;kati of the gal- 
leries .; but this.is .a .mistaKen^ opinjoi^i : bec^3j^.e^ 
as theiiiiners are qbl^ged.tp wQrjk^, s^ttl^iginiso . 
• small a space, their situation not a^Ilqwingrth^m: 
toactw^thfaQlity, the wqx;^ wiU^tafep^up more 
time; con&equeAtly, th^ supposed, a^y^t^get of 
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tbe fii'st is annulled liy tlie iriconreniency of 
the woiic. 

Bjr allettirig' td th^ branches siiialler dimeil-^ 
sioris than to the galleries, the ihterition is not 
to accelerate the' excavation^ but to gain d de- 
sitable solidity in the stopping up of the eham^ 
hers situated at the extremities of the branches j 
ahd alsa to dimlriish the labour and qUantity'o^ 
materials, which niiist be carried back to slop' 
wp the mine. " • . 

As a brigade of four niinera will (biilplietei a 
Iciiglh of gallety of 3 feet in four hours; two' 
brigade, neJieving^eiaicH other alteniaCtely, will^ 
make a length of gallery of 18 feet iii'24 h6iil*s, 
it being supposefd'that thef miners haVe'rio bther 
cartf thart tb perforin the wbrk^ diligeiitly^; hut 
wh€!n' th^y have to* enxibuhter th^ir adversaries/ 
they must ^ive up tiriid'to listfeii; aridlikefvrts^' 
gUatdag;airi^t being heard ^themselves ; iii whicH^ 
caste' the -work' will not atJVancdnrfore than about 
12 ffeet itia4 hours;- 

Whdu'i iri the coursfe of the' excav4tiou o^ 
gtiUeriefs; or branches^ part of a rbck K, PL 6. 
fig? lOi is liieft'with; wliicK does not cfj^teifd' far 
td th!d'-lcft'Or to the right^ the gallfety iS'made' 
to- pass^ on ^e side of it ; if othe'rw^iSe, the' 
gallefy must be cut through the rbck. In the* 

F 2 
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first case, to pass round it, the gallery must tc 
made at right angles, and the length D E be 
exactly equal to B C, so as to come to the point 
E, whence the continuation, of the gallery EF 
may be made at a right angle in the given di- 
rection AB« .This method of proceeding, by 
turning round a rock, requires great care and 
expert miners; because^ should any error be 
connnitted,^ the continuation of the gallery will 
deviate from the required direction E F. Hence 
it will be safer to cut the gallery through the 
rock, although it may be more difficult than to 
make so many angles; the distance jB£ ia 
shorter than that B C D E. . 

When the rock is not of too hard a nature,, 
two vertical grooves, 6 inches wide, and of the 
same height as the gallery, are made with the 
double pick, their distance asunder being equal 
to the width of the gallery; in the same manner 
two other grooves are cut horizontally, the one 
at the bottom answering to the sill of the pre-, 
ceding frame, and the other at the top corre- 
sponding to the lintel. These groves being made 
as deep as possible, the mass remaining betw;ecn 
*them is separated by means of iron wedges 
* driven into the grooves with the sledge, or into 
the crevices of the rock when there are any; 
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such parts of the rock as appear to be easily 
separated may be removed with the pinchiug^ 
bar. ^ 

When the rock is very hard, and without 
crcvioes, cutting it with the double pick being 
attended with great difficulty and Lt>ss of time, 
the operation is performed by. means of gun- 
powder; for this purpose a hole is made witli 
the borer, as already explained in tlie descrip- 
tion of the miner's instruments,, of. about IS or 
18 inches deep; one third containing the charge,' 
and the stopping or loading of it is to be per- 
formed as directed in describing the use of the 
%rass rammer or tamping-bar among the miner's 
instruments* 

The two preceding methods are applicD^ble 
to all kinds of rocks. In the first case, when 
the rock is of such a nature that it can be exca- 
vated with the double pick, a brigade of four 
minei's will excavate 18 cubic feet in 12 hOurs, 
in a gallery of 6 feet high and 3 feet wide, iu 
which the work may be performed standing. 
Biit in the second, when the rock is of such a 
nature as to render blasting it by means of gun^ 
powder necessary, only 8 or 9 cubic feet can be 
excavated in 12 hours. 
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ADDITIONS TO 3£ MADE TO TH^ |^A;<L£R1JE:S 
OF D^FBNSIV^ MINES. 

Besides jthe intreQcl^^ineB.ts m^d^ m the gal- 
leries, by inpans .of dopr?, ^p, as pjr;e94y njejir 
lioB/ed ^n the }at^er p^t of the coxi$trijiction of 
^Ueries pf masonry, it jyill b/e n.eQe§§^ry to cqht 
^tfixpt pcpr jthe gallery of pounterscarp at the 
palient and re-epteripg angles iro^U magazines 
j5, z, pi. 3. for pQijtaming ^^ mn^f^ tpol§, 
the sau^jsgpnfj, guppQsrder, and, in short, all 
9»ph nep^s^aries as ari^ r^q.y;fed for the vi^^ of 
|:he roiniej'sj indppf^ndeijtly Qf the larg^ lopp.- 
holed galleries made at the circular part of thp 
conntprscarp,' which n^ay like^n^ise %pf\p as dp- 
pots fqr yaripus pther irpplenaejits; bwt wbefp 
the sjiypi^sop?, tbppPW^d^ir, apd qthpr poijahusti- 
bles WP^ld URt hg safe, wl)pn the g?llerip§ ar^ 
occupied by trpop^ pprfprjning thp defence of 
fhe difch by the fire pf small arms. Bfsi^ei^, S» 
the l^rgp lopp-hole^ galj^rips arf^ principally 
FPnstFucted for the cirpulatipn pf air ^nd the 
dpfenpp pf the place, it ^Quld upt be proper tp 
t:ror\M4 them top n^u^h with wateriah. 

When the gallery of cpunterscarp i^ to serve 
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as a teop-hbi^d gAltery^ PI. 7. fig. ! ahA 4, it's 
bdS^Oli) a ^should bfe inade 4 feet « inches tewCT 
tlia^ thftt of ^e diteh fe, *o that tfte opiening of 
ttiQ k)0j>-fe«6le8 oil tJie oulsM-fe irmy b6 nfetrV;^ fe 
or 9 i*Ch6s from the bottom of 'the diteh, iA or- 
dfet to *end^r the ^cfcefes to them diiffittflt to Ihfe 
iMs^lfegiftg thJO^)^ Whd toay hiiVit eVitered thfe 
diWh to fife into the galiety. Parti tioh ^z\U, 
e e, 1« ifechis thick, affe hiid^ about 2tt 'fefet 
difittol frottl ^ach bthei-i ihd pifefded \Vilh loop- 
hole, hatihj^ passages d, of S'ftfet Wide dH thfe 
sid« feex% to the ^lafcii, securiid With strong 
doofSj Tliese partitioii-Walls afford the ddvah- 
tage of defending the gallei'y inch by ifach, ih 
cade the ehemy should by surpriscj Or other 
iflfeAhs^ fenteftheni. TheSe galleries should bb 
6 feet Wide atid 8 ft^t high, and haVe chihiiiieis 
e COnsttUdtfed close to sottife of the partitibh- 
walls, tttid cartied through thfe rfevfetemetit of 
the CoUftterscWp, the opcjpihgs of which oh tie 
out&id6 rtiust be at such d disfaticfe frbm the top 
of the counterscarp, that nothing can ht thtoWn 
into them; beside^ the Upper part f, of* the 
openings, being sfecured by projecting stonesr 
fixed ih the tevfetemefit, slopifig Oil the upper 
side, so is id cbrifcdal its opening from those 
wh€> enter the cotert-way, and likewise to prd» 
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vent the men standing upon then?. By this 
^lelBs the. loop-holed gallery at the counter- 
scarp may serve ^as a safe sheltpr to a part of 
the garrison in time of a siege, which would 
also be at the proxy of the outworks ready for 
their defence. The gallery being 6 feet wide, 
along the side opposite the loop-holes, bedsteadi 
i i, 3 feet wide, may be placed, for two m«ii to 
rest in each, when there will still remain a space 
of 3 feet in width, which is sufficient to allow 
the defence to be performed through the loop- 
holes. The beds to consist only of a mattresf^ 
of wool, without straw under it, in order to 
avoid accidents by fire. 

In the galleries qf communicatipn bqtwecn 
the main gallery -and that of envelope, three 
doors should be made, one at each endi and the 
third in the middle, each being pierced with 
loop-holes, and secured by clappets, to serve for 
jthe purpose of defence, as already mentioned. 
These doors, when required, may be re-inforced 
with sand-bags.' 

When the galleries of defensive mines arc 
masdcuunder ground, descending towards the 
country, the water filtering through the earth 
niust be conveyed towards the gallery of envcr 
Jope, and thence into dne or two listeners, at 
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*Uc extremity of which an opening is contrived 
for its discbarge, by means of a di-ain meeting 
.the declivity of the ground- 

In the galleries of defensive mines, con<- 
structed at the double*crown work of Belle^ 
Croix, at Metz, in which some springs happened 
to be met with, the above means were employed 
to drain off the waten 

The method of carrying on galleries and 
branches^ whether horizontally or inclined, havi- 
ing already been dfsscrtbed, the direction to be 
given to the branches relative to the situation 
of th^ chambers shall be now explained. 

Whenever it can readily be done, the branpb 
a b h e, PI. 7, fig. 3, forming a communication 
iwth the chamber c, is not to be directed to- 
wards its centre, because it is necessary that the 
chamber should be placed on one side of the 
branch, that it may be supported on the oppo- 
site side with more firmness^ as represented at h- 

Suppose it were proposed to carry on a 
branch, abbe, perpendicular to the gallery d f, 
and towards the point c, the situation of the 
chamber. The size of the chamber having beeii 
proportioned according to the charge, one of 
the sides, a b, of the branch, must be directed 
fq as to^orrcspond with the prolongation of a 
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r 

sjjde of tlic chamber; then, from the oentfe b 
of the chamber, a ime c n as to be drawn piei^ 
pendicular to the galkry d f; frrnn the point n, 
and on either side of it, half the side of the 
chamber must be set off, as, for instance, from 
n to a; then a e being made eqaal to the breadth 
of the branch, and bisected in g, through g 
draw a line, g i, parallel to the line n c, paseing 
through the centre of the chamber, which will 
be the middle line of the branch. To the length 
of this branch 6 inches are added, in order that 
the stopping up of the chamber may be done 
with solidity, - . 

When the situation of the chamber c, fig. 4, 
is not at the same depth as the gallery h i, $nd 
at a short distance from it, in which the ascent 
would be too difficult, a greater length is given 
to the branch, by means of a return at right an- 
gles, as at b; and, the length f g to be added to 
the part ge must be so proportioned that 
eg+fg roay form ^n easy ramp : and this con- 
struction is preferable to that of stairs, the exe^ 
cution of which is always embarrassing and dif- 
ficult* 

To determine, by a fixed rule, the length to 
be given to a branch' 30 as to form an easy 
slope. Suppose the height of the chamber c 
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jabovie the battom of the ^leiy h 1 to be gireti, 
thi^ heigh't bjeiivg luultipUed by 4, the product 
will be the horizontal length, . or base of the 
ftlope, thati$, eg-f^gfy 9ot inclujcUng^ the landx 
iog ^lace at the return g b, w;hk:h is 91 horizon^ 
tal sp^cee This return affords great facility for 
Hiaking a second poppipg, which ifomediately 
reinforces the stopping of the mine. 

: WheQ the branch of ^, mipe is ascending, 
fig. 5 and iS, the chamber at its extremity is 
$i4nkbelpw the bottom of the branch; when 
the ^o\\ h dry, either entirely, as at A, or in part 
only, as in 3. When the soil i^ wet, it is, on 
the contrary, made above the bottom of the 
branch, particularly when the descent is fronj 
E to F, fig. 7, where the water, filtering through 
the ^arth will run towards the chamber F; in 
this case a sink mu^t be made and filled with 
^nes, either under the chamber, as in H, or at 
the extremity G of the branch. The same pre^ 
qaution should be taken in the construction of 
all galleries and branches. 

The branishes are sometimes executed, in 
masonry, at the same time with the galleries; 
but, when they are only required for a short 
time, they Vnay he simply constructed of tim- 
jjer : this operation, however, i^hould never l>e 
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delayed to the last moment, when the opening 
of the trenches has commenced; because, as 
the position of the cavaliers of trenches, and of 
the batteries upon the glacis, as also the situa- 
tion of the third parallel^ is generally determin- 
ed by preparing the branches beforehand, they 
will run no risk of being destroyed, although they 
should not be so entirely finished to have the 
chambers incomplete, as the exact situation of 
these cannot be determined with accuracy till 
the positions of the cavaliers of trenches and the 
batteries of the besiegers are fixed. . And, by 
being thus prepared, the besieged miner will be 
able to discover, from several points, the ap- 
proach of the enemy's miner, without the danger 
of being heard himself 

A system of subterraneous defence is less 
expensive than a multiplicity of outworks, which 
are generally constructed with the hopes of only 
retarding the surrender of the place for a few 
days, and, besides, it does not require so many 
men for the defence. 

The construction of these galleries, with a 
sufficient number of workmen, will occupy 
about four months, when no rock interferes. 
But the same galleries being made of timber 
pnly, will b^ less than half the expence of those 
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of masonry, and their construction will require 
ifluch less time. Mouz6'8ays, in his Traiti de 
Fortification SouterrainCj that if a place be fur- 
nished* with the necessary materials for con-r 
structing galleries of timber, and two compa- 
nies of miners, each consisting of one hundred 
men, assisted by 40 or 50 men iFrom tbe gar- 
rison, a system of defensive mines of a front 
may: ht constructed in 30 days- 

EFFECT OF GUNPOWDER PLACED UNDEtt] 
^ GROUND. 

< r 

The: action of gunpowder being, in all di- 
rections, from the centre of its inflammation i it 
will form round its centre a globe of compres- 
sion, of which the radii will be proportional to 
the resisUnce of the parts surrounding it 
Therefore, if a quantity of powder, C, PL 7* 
fig. 8, be placed under ground, which is not suf- 
ficient to make an opening at its surface, A B, 
and to produce an excavation, it will constitute 
a pressure against the surrounding parts to a 
greater or less distance from the centre, accord- 
ing to the nature and elasticity of the soil. As 
the particles- of the powder gradually inflame, 
they form a pressure against each other, and 
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the quantity af the fliiid wiU* be increased* in pro- 
portion to the number of inflamed particles; 
those parts of theeirth which ai'e the nearest to* 
the chamber wiil communicate a shock to the 
adjacent parts, and those t6 others at a greater 
distance; thus the percussion will be commuiii- 
cated in all directions, till the effect of the pow- 
dfcr be exhausted^, which will be the extent of 
the sphere of activity, F, F, F. Hence, if a 
quantity of powder be placed under ground, so 
that a line, C L, drawn from the centre C of 
the powder, perpendicular to the surface of the 
ground, H K, be less than the radius, C F, of 
the globe of compressioii, that part of earth will 
give Wayj and foritl an excavation. 

It may, thetefore, be conceived, that sudi 
funnels, or excavations, of the same depth, or 
liile df least resistance, as' have their superior ' 
diaimeters greatest, belong td largeir gldbes of- 
cbmpreSi^ion, having been pf dducfefd by grelater 
charges of powder; sd that^theftdpdJametehoi^ 
the cixcavationf xhay be iticreasfed to' fJve o'r sii- 
times the line of least rfe8idtanee, as-obi^efrved ^• 
BcHdor, from the experi ffittrfts^ he makfe' at" la 
Fere. 

The figure of the funhei has beebk^dn^ideWd 
by Vauban as an inverted coW^y as-a^bc, f% 9, 
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qi; which, the vertex c being the centre of the 
poQwdar * and he has calculated: the^deblai of its 
cqntenlis according to thi& supposition. 

D,e^ Valiere^ subsequently to Vauban^ has 
c^^fully- examined, the generating line of the 
funnfil; of seiveral. mines, made in a light homo* 
gpTiisous^si^il, where he thaughthe:had discover- 
ed the. propertiea o£ a parabola, g'eh, fig; 10,. 
Avhencehe concluded, that the figure of a,fun«- 
nel wa3^,aparahQlQid,.the centre c of the pow- 
der bting:the.focusi.and, according to this, sup* 
pasitian> he. calculated his tables, 

Belidor wa& not of the. same* opinion.; ac^ 
cording to his theory, theifunnel is? an inverted 
fmstumiof a cone,' aodb, fig.. IJ, its less end; 
c,d^ . heing^ terminated by a segment of:a^spherej 
c er(|, lU) hia: applications he/ considers thi^ 
figurccaRa.perfect cone.. .» 

Many eaadeavourshave becamade to ascer- 
tain the: true figure of: the: funnel^ in order to 
calculate: itS; contents, and its regulate the 
charge J biit: the result, from, the whole, is far 
frojaEth!9mg:sasatis&ctory asr could be wished, 
and there lis reason to doubt i whether future ex- 
pmi««nts will be able to aipcomplish thedesired 
object. 

The different opinions, lK)\vever, relative to 
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the figure of the funnel have not prevented the 
charge of powder from being determined expe- 
rimentally, which is necesisary to produce, in 
each kind of ground, and with the same line of 
least resistance, funnels, of which the Superior 
diameters are double the line of least resistance. 
The knowledge of the true figure of the funnel is 
of little importance, since, according to different 
lilies of least resistance, these figures, whatever 
they may be, will be similar to each other, and 
consequently to those resulting from experi- 
ments in homogeneous grounds ; hence it fol- 
lows, that tlieir solidities will always be propor- 
tional to the cubes of their homologous lines, 
that is, of their axes of explosion, or lines of 
least resistance. Therefore, the charges given 
by experiment for one depth are sufliicient to 
determine those for any other depth, that are 
capable of producing a similar effect, without 
employing any other means than the analogy 
of the cubes of the lines of least resistance. But 
it must be observed, that on account of the 
great variety of the soil, such are seldom met 
t^rith that are entirely homogeneous with those 
in which the experiments were made; whence 
it frequently happens that the requisite charges 
are uncertain. The best method of avoiding 



Digitized by 



Google 



oy MINES. 81 

this uncertainty is to have recourse to an expe-* 
riment of a few chambers on establishing a sub- ' 
terraneous defence of some importance, using 
that charge which had been derived from for- 
mer experiments made in a ground the most 
anMogous to that in which the defence is to be 
carried on^ and the result thereof will serve to 
reg&late future charges. 

The figure of the funnel is considered, by 
modern miners, as a frustum of a cone, the so- 
lidity of which is equal to V of the line of least 
resistance.* 

* The solid raised by the effect of a xiune has been founds 
from experiments^ to be equal to the cube of the line of least 
resistance multiplied by V^. 

DEMOVSTRATIOK. 

Suppo^e^ PI. g, £g. 13^ the greater radius ae to be R 

the less radius be «•..».. «... t > - (^ 

the line of l^st resistance ba ^ . xxk 4; 

the height ga of the (x>ne ....,..'... H 

that^rb.... , h 

the solidity of the cone f e g .' S " 

that of the cone dcg .» '..,.. s ^ 

and thatofthefrostum^fdce T i . 

This being supposed we fhall have T 7= $ -r s> wherefore! tibe 

circumference oi the greater circle will be the fourth term of 

44R 
^e fcJIowing proportion, as 7 : 22 : : 2 R : -— - 5 and that of 

G 
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Mottz^ has auertained, from late experi- 
ment^ the quantity tof powder necessary tQ 

the leff drde wffl be, as 7 : 2Z :: R l^—-, bccaote Ras2r; 

consequently the acea of the f^Kst will be^-— X — and that 

72 

bf the second will be -r-- X — ^ Hence we shall hare 
7 2X2: 

c 44R^R H -' 22R R h ^ 
S«--*— .X---X — addSzs-^- X-— rX-s- and conse- 
7 2 3 7 2X2 ^} 

.. I, ^ /^^ ^ H\ /22R R h\ ^ 
qd.nUyT=(— X-X-)-.(— X— X-). But 

H=:2m and h=:m; because age and bgc are similar tri« 
angles, R : r :: H : h^ and as R=:2r» we shall also have 
H=2h| cousequentlj hzzmxasH^h+in^ and lastly H=:2in: 
then Substituting for R^ Hj^ h their values m^ 2m, m, the last va- 
t rny / 44m m 2mN /22m m m \ 

^ 88m» 22m« ^_ 88ra» . llm* 

Tss- ■' ^ — - «— — ^ ■ ; or 1. s:- 



7X2X3 7x2x3' 7x2x3 7x2x3 

whence we obtain Tn— ^-r^m' x -^- 



7x2x3' — — " --a ^6 

Sixne authors, who have written upon the art cf mining, 
have given the following rule fbr finding th^ content of the 
iiitinel, by comparing it to a cylinder, of which die base b 
«qua1 to the area of the superior cirde of the funnel and its 
height equal to half the line of least resistance. But (he con- 
tent thus found being ^less than that given by the above me- 
thod, or by any other rule given in geometry, will be too great 
a differertce to regulate its proper charge. Wherefore i of the 
content thus found being added to that coateufc, will give its re^ 
quired solidity^ 
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rais6 a cubic tnStre of different kinds of earth, as 
also of masonry and of rock, nrhich being re-* 
duced into English weights and measures, is as 
follows : 



Common earth mixed with sand 
Strong sand, or sandy stone • . • 

Potter's clay 

Loose or moveable land • 

Old masonry 

Freestone or rock 



I Cable foot. 



oz. dr. 
11,62 

1M7 

1 0^ 

1 iAO 

1 4^ 



t Cubic rathom. 



lb, OS. dr. - 

9 1« 1S,9« 

IS 133« 



14, P 

14 13 

15 8 
17 2 



10,f4 
Q,96 

7^^ 



Tlie quantity of powder necessary to raise a 
cubic foot, or a cubic fathom of each kind of 
soil bemg given, the required charge of a mine 
of any other line of least resistance will be 
found by multiplying the contents of the exca- 
vation in feet or fathoms, by its corresponding 
weight of powder, and the product will be the 
charge. For instance, if it were required to find 
the charge of a mine, its line of least resistance 
being 10 feet, and the soil consisting of potter's 
clay, which requires 1 ounce 0,64 drams, or 
16,64 drams per cubic foot; multiply 1000, the 
cube of 10, by V* the product will be 1833,326 
cubic feet; and this product being multiplied 
by 16,64 drams will be 30506,54464 drams, or 
119 pounds, S ounces, 10 drams, nearly. 

G 2 
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The following table tas been calculated ac- 
cording^ to these principles : 

TABLE FOB THE CHARGES OF MINES- 



Une of 


Com. oart]^ 
mixed wi 


strong iwod. 


Potter's elaj 


Loose or 


Old 


■MIB 


, Free-stone 


loMtre- 


or saady 


or stiflF 


moveable 


masonry 


or rock 


si^Unce 


StoBOS ^^ 


stone 




saud 








Feet. 


Powder 


Powder 


Powder 


Powder 


Powder 


Powder 




lb. OS. 


i^. oz. 


lb. oa. 


lb, oz. 


lb. 


M. 


lb. oz. 


3 


i 4 


2 15 


3 3 


3 ^ 


3 




3 14 


4 


5 5 


7 I 


7 10 


8 


8 




9 9 


5 


10 6 


^3 »3 


14 14 


IS II 


16 




I« 3 


6 


17 15 


23 14 


25 II 


27 2 


28 




31 7 


1 


29 8 


37 15 


40 13 


43 2 


45 




49 15 


S 


4»,9 


56 11 


61 


64 6 


67 




74 8 


9 


5« 12 


80 12 


8$ 14 


91 10. 


96 




.106 a 


10 


83 3 


no 12 


119 2 


laS 12 


131 


12 


145 9 


II 


iio 12 


147 7 


158 9 


167 6 


I7S 




»93 12 


12 


143 12 


191 7 


205 14 


217 4 


^27 


II 


251 9 


U 


182 13 


243 ^ 


261 13 


276 4 


289 




319 13 


H 


228 ^ 


304 


326 IS 


345 I 


a^i 


15 


399 8 


'1 


280 13 


373 14 


402 IS 


424 6 


444 


II 


491 5 


i6 


340 13 


453 i» 


475 9 


515 I 


539 


II 


596 5 


17 


408 13 


544 4 


58s 7 


617 13 


647 




7'5 4 


i8 


485 5 


646 I 


694 IS 


733 « 


768 




849 1 


19 


566 7 


759 14 


817 5 


862 8 


907 


II 


998 9 


•ao 


^65 II 


9»5 5 


953 5 


1006 


I0S4 




'II2S lO 


21 


770 10 


1026 


iioj 9 


1164 9 


1220 




1348 s 


22 


886 I 


1179 10 


1268 14 


1338 15 


1403 




iSSO 4- 


^3 


I0I2 7 


1347 15 


1449 14 


IS30 I 


1603 




I77I 6 


H 


I 150 6 


153* « 


1647 5 


1738 7 


1817 




2012 10 


25 


1300 4 


1731 


1861 IS 


1964 14. 


20s 8 




2274 14 


26 


1462 9 


1947 3 


2094 7 


2210 4 


2315 




2558 14 


27 


'^37 15 


2180 13 


1345 8 


H7S 3 


2593 




2865 II 


26 


1826 I a 


2432 


261S IS 


2760 9 


2892 




3196 


29 


2049 1 


'2702 


3061 9 


3067 


3*13 




3550 13 


30 


2246 13 


2991 4 


3217 8 


3395 6 


3557 




3930 IS 



The figure of the funnel takes its form from 
the nature of the ground, and in a compressible 
and tenacious soil is that which has already 
been described ; but it is not the sanie in an 
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incompressible soil destitute of tenacityi, such 
as loose or dry gravel, in ivhich the fluids 
penetrating through^ the interstices, will reach 
the surface without much resistance; conse^* 
quently an ordinary charge merely proportional 
to the weight would produce only a kind of a 
pit round the line of least resistance; whence 
it follows, that on account of the defect of te- 
nacity and compressibility,. an increased charge 
must be used, in order that the fluid embracing, 
at the same instant, a greater volume round the 
centre, may carry before it a greater mass : not- 
withstanding this, the figure of the funnel will 
never be the same as that in a tenacious and 
compressible soil. - 

In rock the figure of the funnel is very ir- 
regular ; and it happens, that in those which are 
extremely hard, when the charge is not very 
great, only a few cracks are produced through 
which the fluid escapes. 

Belidor wai the first who proposed a theory 
to explain the phenomena, which appear in the 
eiFects of mines; and he went farther than his 
predecessors, particularly in the examination of 
the interior action of the mines. He had an 
idea, that by overcharging the mines, a more 
violent commotion would take plkce, capable of 
acting upon cavities at a greater distance. In 
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odii0eqiicnc6 of which, at la Fere, in June 1 733, 
biB mndt tihe experiment on a mine, the line of 
least resistance being 10 feet^ and the charge 
ISOO pounds of powder, and to ascertain the ex- 
teftt of the sphere of activity^ four galleries^ 
were made iieax ly on a horizontal plane roimd 
the ehamfoer; the first was at the distance of 
S5 feet from its centre; the second at the dis- 
tance of SO feet; the third at the distance of 35 
feeti and the fourth at the distance of 40 feet; 
besides tket^ galleries,, a fifth was carried on be^ 
low the chamber* The mine being fired, pro- 
duced a funnel, having its superior diameter 
equal to 4f6 feet, and its depth 16 feet; besides 
this, the greater part of the five galleries were 
destroyed. 

Belidor made a second exfieriment relative 
to the, globe of compression in June 1753, at 
Bisy, near Vernon, on the river Seine, in a soil 
consisting of a h^rd sand mixed with gravel; 
he gave to the chamber a line of 12 feet least 
resistance, and employed a charge of 3000 
poundi^ of "powder ; tlien four galleries were 
made at the four Cardinal points, their bottoms 
being lower at one end than at the other, in or- 
der that they might be nearly parallel to the 
surface of the ground, which was sloping from 
jBouth to north; .the particular dimensions of 



Digitized by 



Google 



tfa^se galleries were as follows. The gallery on 
the west, PI. 7, fig. 14, was 72 feet loi^, hav- 
ing a slope of 6 feet from c towards b, itb whirie 
length being of masonry : that c d On the soul9i 
was 60 feet long» having a declivity of 5 feet 
from c towards d, of whidi the part c g, 48 feet 
ill ki^b, was made of masonry, and the re* 
mainder g d was liwd with oak timber : that on 
the easti ad, was likewise 72 feet Imig^ having 
a declivity of 5 feet 4 inches from d towards a, 
the whole of which being lined with oak tim- 
ber ; and that on the north, ab, was 60 feet long, 
the same as d c, and had a slope of 3 feet from 
b towards a, the part from b to 1, 48 feet in 
length, was of masonry, and the remainder, 1 a, 
lined with oak timber. The plane of the rec- 
tangle, abed, had thus a declivity of & feet 3 
inches from d towards a, the length of which 
was 72 feet ; the mean depth of the galleries 
was 18 feet; but the chamber p was placed at 
the distance of IS feet only. The position of 
the chamber p was at the distance of 24 feet 
from the gallery c b, ^ feet from that dc, 36 
feet from that da, and 42 feet from tbat ab. 
All these galleries were 3 feet wide and 6 feet 
high in the clear. The shafts made in a and d, 
to carry on t\ie gallo-ies, were, the <tepth of 
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that id d 16 feet/ and that in a 20 feet; the 
depth of the latter, after the galleries were con- 
structed, was increased %y 9 feet, from the bot- 
tom of which a gallery was made in the direct 
tion of the diagonal a c, passing below the 
chamber^ so that the roof of t^is gallery was 14 
feet below the centre of the chamber pj fig. 13^ 
• The mine when sprung threw the earth to 
the height of about 150 feet; its funnel was per- 
fectly circular, its superior diameter was 66 feet, 
being five times and a half its line of least re-r 
sistance, and its depth 17 feet; after which, the 
galleries being examined, there remained of 
them al= 12 feet; ak = 8feet; hd=l2feet, 
and d g = 12 feet. As to the gallery of 60 feet, 
from a to p, fig. 12, or from t to r, fig. 15, of 
which the roof was 14 feet below the centre of 
the chamber, there remained only t y ir 24 feet, 
the other part y r =: 36 feet was destroyed like 
the other galleries. This evidently shows, that 
the action of gunpowder is in all directions, as 
has been already explained. 

If from the centre of the chaniber p, fig. 12, 
a line p m bp drawn perpendicular to the gallery 
b a, it will bisect in m that part of the gallery 
which was destroyed, of which m I will be 24 feetj 
and^ as the distance m p is 43 feet, we shall have 
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a right-angled triangle, p m 1, in which the hypo- 
thenuse pi will be foufid equal to 48,37 feet; 
and being, at the same time, the extent of the 
globe of compression, will, consequently, be 
equal to four times the line of least resistance. 

The gallery tyr, fig. 13, of 60 feet long, 
passing below the chambef, of which the part 
destroyed, ry, is 36 feet, and the roof of the 
gallery, tr, being 14 feet below the centre of 
the chamber P, will form a right-angled triangle, 
pry, in which the hypothenuse py will be 
38,(>fi feet, equal to the radius of compression ; 
then, if the vertical compre;ssion below the 
chamber were only 36 feet, it would have in^ 
jured a gallery situated at that depth, and, con- 
sequently, at 48 fert from the surface of the 
ground, which is a greater depth than that at 
which galleries are ever established. 

From the results of his experiments, on over- 
loaded mines, Belidor has established the follow- 
ing rule, which is to multiply the Hue of least 
resistance in feet by 300, and the product^-wiH 
be the charge of powder in pounds. 

This experiment of the globe of compression 
\vas repeated in a sandy soil near Potsdam, by 
Ms^pi Le Febvre, of tlie corps of engineers, 
under Frederick II. King of Prussia, He gave 
the chamber a line of 15 feet of least resistance, 
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and a charge of 3300 pounds of powder. Tlircc 
galleries were made, situated nearly at the same 
depth as the chamber, and another passing be* 
neath it, its roof being 16 feet below the centre, 
of the powder ; the distances of the three galle« 
ries, situated nearly in the same plane with the 
chamber, were, the fiTst at 84 feet, the second at 
S8 feet| and the third at 4e feet All tZiese gal-- 
leries were 5 feet high and 3 feet wide, and con*' 
structed of oak timber. The mine when sprung 
produced a funnel, the superior diameter of 
which was 66 feet, and its depth 1 ^ feet, and the 
greater part of all the galleries was destroyed. 

Besides the chamber of the globe of com« 
pression, Le Febvre placed a small mine, v, 
fig. 12, at the same depth,* and 30 feet distant 
from the former ; the branch communicatinrg to 
it was well stopped up. The effect of the large 
chamber did not destroy it, although it wa» 
within the sphere of activity, as the galleries were 
burst at the distance^ of 50 feet nearly from the 
chamber. This shows the necessity of what has 
already been stated in the construction of a sys* 
tern of defensive mines, namely, that at the same 
time a number of branches ought to be made in 
several directions ready for placing chambers to 
be loaded and stopped up as occasion requires. 

The discovery of the globes of compression, 
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from the effect they produce, shows that this, 
kind of mines is more in favour of the attack 
than the defence, as, by their spheres of acti" 
vity being more extensive, they reach the de- 
fensive dispositions prepared by the besieged, 
destroy ingbis defensive mines, and afford a pow- 
erful means of attacking tht covert*way and of 
throiving the counterscarp into the ditch. The 
besieged cannot use them with the same sue 
cess, because they would destroy their own 
works, give great shelter to the besiegers, and 
expend too great a quantity of powder. 

Tlie first time the globe of compression was 
used in the se^^vice, was at the siege of Swtid- 
nitz, in 1762, by Le Febvre, where four of them 
were carried into execution. The charge of the 
first was 5000 pounds of powder; the superior 
diameter of the funnel was about 80 feet, and 
its depth 17 feet; the charge of the second was 
2400 pounds of powder, the diameter of the 
funnel was 60 feet, and its depth 15 feet; the 
charge of the third was 3600 pounds of pow- 
der, the diameter of the funnel was 6o feet, and 
its depth 16 feet; and the charge of the fourth 
was 5000 pounds of powder, the same as the 
first : its effect was amazing ; it formed a large 
opening near tl^c crest of the glacis of the en- 
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closure, throwing the earth to the top of the 
parapet of this ^york, without damaging its re- 
v6tement. 

It would have been very satisfactory to have 
known the length of the lines of least resist- 
ance, and the nature of t)ie soil in which these 
effects took place, 'that they might have been 
cc^isidered as proper experiments from which 
great advantage would have been derived, in 
the application of the theory to this kind of 
mines. 

Three principal results are deducible from 
the experiments of the action surrounding the 
globe of compression.. 1. Globes of compres- 
sion act powerfully against galleries and branch- 
es, presenting their flanks to the action ; they 
may destroy them at , a distance of four or five 
times the line of least resistance, consequently 
they are formidable weapons in the possession 
of the enemy; when the disposition of the de- 
fensive mines presents their .flanks to the attack. 
2. The action of the globes of compression is 
not very considerable against galleries and 
branches which present themselves in the di* 
rection, or with only a slight inclination, to the 
line of attack, particularly when a proper length 
of the most exposed part of them is stopped up 
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with care, as was experienced at the siege of 
Sweidnitz, and observed in the experimeiit of 
the globe of compression made by Le Febvre at 
Potsdam, already referred to. 3. It is not an 
easy operation for the besieger to establish 
globes of compression in a ground carefully 
guarded by well placed listners, which causes 
him to sink his shafts and galleries at a greater 
depth. 

Belidor madean experiment at la Fere, to show 
the method of converting galleries of defensive 
mines 15 feet l)elow the surface of the ground 
into trenches. From the bottom of tlie funnel 
of a mine he caused the gallery communicating 
with the n^ine to be opened, into which sciveral 
small piles of barrels of powder were placed, at 
equal distances from eaicli other: the fire befng 
communicated to the whole of these barrels at 
the same time, by a running saucisson,' produced 
the desired effect. Biit this method is more cu- 
rious than useful in the attack. General Gribau- 
val, of the French service, has observed, that it 
can only be used in case of galleries being 
abandoned^ where the enemy's miners would find 
np difficulty in obtaining possession of them ; 
besides, on account of the depth at which they 
are placed, and the directions of the galleries of 
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communication and of listners they have to- 
wards the place, they are enfiladed from the 
Avorks. Capt. Douvillc, of the miners, made 
an experiment with a series of combined cham- 
Jbers, which being fired one after another, suc- 
cessively filled up the preceding funnels; by 
which means there remained only the last that 
was not covered ; this was to show that the be- 
sieger's miner could not lodge himself in the 
funnel, in order to find out the branch that leads 
to the gallery. 

The general rule given by Belidor for the 
charges of the globes of compression, as above- 
mentioned, which is to multiply the line of 
least resistance in feet by SOO, and the product 
will be the charge of powder in pounds, must, 
however, be submitted to modifications respeqt- 
ing the different kinds of soil, in order to ascer- 
tain their relative charges more accurately ; for 
whjch purpose a rule will be given hereafter* 

The experiments made relative to the globe 
jof compression by Belidor, at la Fere, and by Lfi 
Febvre, at Potsdam, as already described, have 
sufficiently shown to what distance the effect of. 
the powder extended, so as to ascertain the re- 
lation between the charges and the radii of the 
spheres of activity of the globe of compression. 
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Whence it may happen, that in a homogeneous 
ground, or soil of the same nature, equal charges 
will produce equal spheres of activity, though 
their lines of least resistance are not the same. 

For example, if a chamber be placed in c, 
PL 7i fig. 14, so as to form the sphere of ac* 
^ivity, ghefg; and in the same soil another 
chamber s, fig. 15, be made the charge of which 
is equal to that of the former c ; but the line of 
least resistance, m s, less than that c d, the ra- 
dius, sa. of the sphere of activity, ak b na^ will 
constantly be equal to the radius c g of the for- 
mer sphere of activity; but the tw6 right-an- 
gled triangles, g dc, a ni s, having equal hypo- 
thenuses, the su^ of the squares of g d, d e will 
be equal to the sum of the squares of the sides 
am, m s ; but as, by the supposition, m s is less 
than d c, ma* will be greater than d g* : which 
shows, that if twp chambers have equal charges, 
but, diiFerent lines of least resistance, the su- 
|>erior diameter of their funnels will increase 
as theirJines of least resistance decrease^ 

It has also been stated, that chap^bers situ- 

. ated at the same depth, or having equal lines of 

least resistance, will belong tg larger globes of 

<?ompression when their planes of explosion are 

•greater, or when they are produced by larger 



Digitized by 



Google 



96 A TREATISE 

charges of powder* Therefore the globes of' 
compression will be proportionate to the^ quaii* 
titles of powder by which thfey are pToddcc^: 
coris^qfuently, to produce a funnel of a prfe* 
l)Osed diameter by a chambef placed at a gitnen 
depth, It is only necessary t6 determine, iiyth^ 
means of the charge, to what globe of cortiprefe*' 
sioii the fupnel is to belong, Thus, as every 
line drawn from the centre of the powder tb* 
the edge of the funnel is a radius of compres- 
sion, to which this funnel belongs, and since* 
this line is the hypothenuse of a right-angled^ 
triangle, pf which the line of least resistance 
and the semi-diameter of the funnel are thfe 
other two sides; it follows, from the known 
property, that the spheres of activity, or globes 
of coiinpression, have, like other glpbes, the 
same relation as the cubes of their respective 
radii ; all that is therefore required, is to make 
the charges of powder, which are- to produce 
these globes of compression in the same ratio 
as the cubes of their radii. 

If, for example, a line m s, 12 feet of line of 
least resistance, PL 7. fig- 15, is to produce a ^ 
funnel of which, its diameter, ab, is to be 36 
feet; then, as the radiils of sb of its globe of 
compression , is the hypothenuse of a right- 
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angled tri^gle/ of which the Ihic cf . least xcr 
sjstance^ m 8^ is I^^.fee't, and the semi-diameter^ 
mb, t8 ieety are the other two sides; then the 
sum of the squares of these two aiides 468^ will 
be the sqi^reiof the' radius s b, the sijuaie root 
of .which is £1,6« feet, the' radius of compre^ 
sionsb. ' L :.■ ' ' . 

Now, if the. cube 10U8,74 of this radius be 
• compared with the cube of the radius of the 
globe of compression of a chamber in the pre- 
ceding table; as, for example, with that of 
which the line of least rcsisfajice is 12 feet, the 
charge of this lajst chamber, which has bee^r 
found to be 143,75, will be the thjjd term of the 
proportion, the cubes of the radii being the first 
two terms, and the quantity of powder required 
thfe fourth* Thus, the radius of the globe of 
compression of a chamber of 12 feet line of 
least resistance, with the semi-diameter of its 
funnel equal 12 feet, will be 16,97 feet nearly, 
the cube of which is 4887 nearly. The propor- 
tion will then be as 4887^ the cube of the radius 
of the globe, of .'compression of the chamber of 
1^ feet line of least resistance in the table, is to 
10118,74, the cube of the radius of the globe of" 
compression, .of the chamber of the same line of 
least'iresisUtnce, butof a fiuinel; the wperior dia- 

H 
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naterof^wtrichista b% 06fe«t, so is 148^7^ p<^Qct^ 
Qf^0*dbrlo 51«i3'pOttud3 of powdery the quaji-^^ 
tit^ ^iiire£ ' Here it ixas iieen supposed; that 
(lleptopdsed fehxmber. wan to be made in the 
ttQnelDindof adit as comapti earth mixed with 
artdtit^s; ^nirifit had beeQ required for any bth'er 
soil given in the table^ its respective charge 
mist, be la&en for thie, third tferm* ' 

In the same manner, if it were proposed to 
produce a funnel of a diameter less than twide 
the Kne of least resistance of its chafmber, the 
tUsiifge IS to be calculated as in the preceding 
eKomple; This method may be used in the de- 
fence of pWces, where it frequently occurs, that 
4o siidply thrbw down the besieger's works Will 
be mdre vexatious to him and less prejudicial to 
the befringed, than by forming a large opening, 
which might b6 favourable to the enemy, and, 
from its proximity to die place, could injute the 
works. 

Aocording tothe sanleproportiohsi as given 
in the preceding example^ the diameter of a 
ftnmel may be found from the diarge of a 
isfaatnber and itgi; line of least resistance being 
givett;- because it is known, that the different 
changes of dmnibers in the same homogeneous 
soil have the some ftlatioiicai^ tlji^cubses of the* 
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radii of eonipressioii. . Whcreforft^ let4t bs^a^ 
posed, fpr example^ tbs^t tbe-givoi charger id 
6<X> pounds of powder for-9 cumber of 10 feet 
line of least resistance,^ what wili bf the supe^ 
riQr diameter of its f unne} ? Take 14 , the ^tuMe 
the aharge of powder, correspondixig to iO ft«t 
ifne of least resistance, which nppose- to foe 1 M) 
pounds. T^en find the radius of compression, 
or the hypodienuse of this rect^^ngular min^^ 
which will be 14, 14 feet. Then make the foir 
lowing proportion, as 110 is to 6OO, so U 
8737, 145944 the cube of 14,14, to.l4»75,841S W; 
and the cube root of this fourth terns, which is 
24,5 feet, will be the radius of compression; from 
the square of this radiu3 subtract the squajre of 
th^ line of least resistance, and the square root 
of the remainder will be the semi-diameCer of 
the fqnpel ; that is 24,5 X 24,5 =600,25 — ^100^= 
500,35, the square of which is 22,5 feet, am) 
twice this, or 44)^ feet, will be the superior ^ia^ ^ 
meter of the funnel. 

General Marescot, of the French service, 
hayi|ig obaferved^ that a ball in a musket hav- 
ing a vacant space between it and the powder, 
pro^u(^ed a considerable effect and sometimes 
burst the piece ; *took this fact into considejna^ 
tion, and' conceived that the same 4hing ought 

H 2 
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to take pUce in a.min^, and -that larger funneb 
miglitlifd produced, with the same depth and 
chatge of the chatnberj^ by leaving a xrertaiti Va- 
cant ^pace rdund the box contsrixmigithe pcmder. 
Ap60rding^.to this supposition, he made some 
e^pfcHtteuta iti 1&00 ; and he found thatifrom 
IXK) pOuoda of pourder, occupying a isp^ee of 
about 1^ cubij^ foot, placed at a depth 6f ^out 
lO.feeti the greatest effect was produced; by 
giyittg the chamber a capacity of 27cubic-feet; 
in which case it was equal to a charge of 196 
poinds of powder, or the eflect was the same as 
ih2L% of a rectangulal* mine, having a line of 
^ast resistance equal to Id feiit, and its charge 
£19 pounds of powder. Amongst the various 
experiments he made^ he found that the capaf- 
^%y be gave to the chaniber being 27 cubic 
ftet, m which the powder placed occupied i^ 
cubiic fop^ was the maximum, that beyond this 
term.the effect decreased in proportion to the 
increased capacity, till no effect whatever was 
produced. 

. r Le Febvre, in his Oimres Complett^ mentslons, 
thiEtt from an experiment he made on two mines, 
in, the same ground, tlie chambers h^ing equal 
lines of least resistance and equal chargi^s;; but ; 
the chamber pf the one was equal to tine si^e of 
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the box contoiniflg.the pQv.dcfi,Bcjng^w,eir se^, 
curedanf^ i^9£P^ ^Ph %^ oliher cbamW hav*: 
ing aspape of ax\e fopt round the box. These 
tiro mipea being fi4'ed a^ the ?ame time, the se- 
co&d> ' wl^ich bad a vaqaut space xound the pow- 
deiTf^proii^uQed a fumneLof a much greater open- 
ing, thau the first . V * 

. Jilouz6 is of the same opinion, thai a space 
.being left xound the powder, will produce a 
greater effect than when the chamber is made 
jjist the size of the box which contains the 
powder,. and the mine perfectly stopped up. 

The increased ax^tion of the pow^der, when 
I^MI^raunded by an empty space in the chamber, 
introducing a greater effect towards the plane 
of explosion, than when no space is left, may, 
pi|[^l(ly,Jhen)ade advanti^eous.in the stopping 
up A mine ^^ich ma^ be reduced to a propor-^ 
tic^bly,. less extent; but as the relation be- 
tween tibe ^topping up and. the vacant space left 
acoui^d^j^.pQwder has not yet been ascertained^ 
it must be referred to future experiments. 

.^Thw^ is likewise distinguished in the art tif 

wining i^faugp^sAes .and the iuimo^ftets. 

. >The faug%ssefihai«e;thrir lines of least re- 

6i«tai^ee.i^pm 3 to 10 feet . When usM in the 

defence-of fortified places^ thiieomomuicatioRs 
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to their olkiiubers ate g^mraHy made by means 
of branches fVom the gallery of escarps or lr<Sni 
that'of .tnd Cdantetscatp;' but should th^cbe 
no gallery of escarp to connnuuicatehy tneafi$ 
of branches with the chambers of f6ugass^/in 
those parts where a breach may be exf>eeted to 
be effected by the besiegers forifhe purpdie of 
forming a new scarp, or towardii^the^ci^auler 
ment of his passage across tfbe ditch; the fire 
communicated to them is made from behind the 
tenaille in u, PI. 3, fig. 1, by the means of 
burying the auget containing the saucisson un- 
der the bottom of the ditch ; for which purpose 
a trench^ u v x, is made from behind the tenaille 
along the flanks and the faces of the bastiooa oi 
about 5 feet deep; at the bottom of >vhich the 
auget is placed. In the defence of field' works^ 
shafts mn^ PL 6, fig. 3, are sunk to the required 
depth, according to the construction already 
explained. At the bottom of the shaft, audit 
one of its sides, a chamber h, fig. d and 6^ is 
made to receive th^ box containing the powdeft 
into which the auget n o, with the saucisson, is 
introduced, and then carried up and fix'cid to-'the 
side of the shaft, within two feet of the top; 
whence it-is coaveyed at the same depth uiukr 
ground to the interior of the work, by m^aii of 
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by cdpf.gh, PI. 7, fig. 16, its io^)^ a toeing 
about ]£ feet from, the bottom of the lym^wtte. 
Sometimes, when theire is not aulSciwt iiiAe for 
the exe/:uJUon of the pr^cediJig aperfitions, l^ 
part mn, fig. 17,. of the atiget;» is poi^^^yed 
aerof^ the ditch, supprnted by mews of poles 
p,.p,|^ £aced in the hottf^» of the. dkch ; h^ hx 
this case, it is esLposed to the Jre of theaasail- 
ants, as weUaa to that; fcom the flanks of the 
y^ii. The chamber is strongly sfcured mHi a 
inch planks, and props of .5. or 6 Jinxihes squwe, 
as shown in the phsx and profile, PI. 6, £g. 5 
«apd 6, and the remainder of the shaft is firmly 
. as^pped up with the greatest possible <rare. 

When fougmses are made u&der the gfaicts 
^ear the covert-way, or at the counterscaip of 
^ld*wor]^s^.as in PI 7, fig. 16 and .17, the 
^^lamber i-must be ao placed, that, after having 
f(K>duoed its effect, the edge 1 of its fimnd may 
. be 4 or 5 feet from the crest of the glads, or 
:&0m that of tibe c6iiAter$cafp fc. 

Fougasses are likewise maide by moits of 

steaded sinlls butted imder grouad, and consist 

either of a single shell, or of several eombiped 

. together. In order to ascertain the effect of 

this kind of fougasses, it is n^cgss^^ry to ob^carvCt 
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:)^9lriad<14* diitices yrtll burnt it,' ^ - ii yi ^ :• :» 
^li A^IO mch «bcU, \<f€ighiiig 93 ppi^ 
tlLiiis^4 poupds»5 pimce$ of pomiery^aI3d.fi 
•fiDttilds^lOoufflceswiU feupjtit^ V r. 

i- "A 13 inchisfadl^ iv^bing. IdSpouadB^ ooq- 
tains 10 pounds 4 ooi^ces of powrdasr^^'Uii 6 
pofindiBi IS dunces will barst it. 
^ ' Aq V 18 bii^h. shell, - weigln&g. . about .460 
pounds, contilins 48 pounds of powder, and 13 
pounds will burs^tii* 

Therefore an 8. inch shelly filled. with^powr i 
ctery will answer to a line of 3 feet 6 huthws 
least rasistanee« .See the table of oharget^ain. 
thi&;.^t colamn of common earth mioced with 

'A 10 inch shell filled, will answer to a Ime 
of ad)Ottt 4 feet least resistance. ^ i £ 

> A 13 inch shell filled, wilt answer to a Jitte 
of afa^t J' feet least resistance. 

An 18 inch shell filled, will bear^a vlindiof 
alxHit 8 feet least resistance. . 

But when several shells of the samenalHie 

* Eighteen inch shells^ also called Camminge shells, are not 
in use at present, but may, with advantage, be employed in 
' the sobterraoeous war. 
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are vp}aa»d>tx)ge6i«nM^lofiaa liliugMib ^kty ifVh 
dutcftvitiii8ds< propj9rtto«al ta thek sMii^ber ; ranf^ 
it his been found, fromexperiments, that tbM€ 
o£jthe;lcaAt diameter here giyen, when com- 
l^ined to^etfaer^ pnoduc^ed a gieater Qffect than 
one single shell contdning the-same quantity of 
piowder; opaiticularljc on account of a great 
muil|di€;caffMeoei^re8uj4iingfro , 

For a fougass, > cctasisting of four & inch 
^lls^ja ho:!&i£Cif iv'ood, PL- 7, fig. 18 and 19; 
is made,ihiaTiDg a partitioii a, with f<^r holes to 
receive the fuses of the shellS|. placed inversely 
in the lifter ditision b, the lower division c, 
'wbidi may be trailed the chamber, is about S^ 
. jncjraim depth, containing some powder, and into 
.which lim. sauctftson is introduced, through a 
hole^made in one of its sides for communicating 
the firevto the fougass. When a series of simi- 
lar fougasses are placed under the approaches, 
eqriundertbe lodgments made upon the glacis by 
the:besiegers, for the purpose of producing sue- 
laeisive explosions, the saucisfiX)n is made to pass 
tiiroiigh the lower division of the box, with an 
opening d cut in the middle of its^ upper side. 

When the lower division, or chamber of a ' 
^h^l^-boxj is mad^ of such a capacity as to con- 
jtjtjn a charge of powder corresponding to.a line 
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of leift reMlWice of a ^opoied fougiss^ the ef- 
i^t of it, ID the fir^ iHgtancei ik^iU overeoBie the 
. tenacity of the soil, and, in the secoiid,^buc8(t 
the $heUs brought nearer to the surface ofr ex* 
plosion; and, con^quently, their pieces wiil^ hy 
this means, produce a greater efiect in all direo 
tions. The charge of the powder (Wbiph ^^ 
chamber of the shell<-box is to qoatai^, • bf»&K 
thus proportioned to a given lineof les^ resistr 
ance, may also, in this oase, be made to^^^xm^- 
spoiKi with the soil as given inr the^ tabl?^ ^^ 

As to the size of the shell-box^ if, for t^oBim^ 
pie, it is to contain four 8 inch shells, it nrnst be 
16 inches square, though the exact diameter of 
these shells being only 7^ inehes Qich; veome- 
quentiy there will be intervals between «t)»ei% 
which will afford the means of fiadhg them m 
the box by wedges. . - 

When a.shell-boxis to be placed Sfeei; mir 
der ground, and the soil should be patter's clay,. 
Iliere wiU be recjirired a charge of 61 porauis of 
powder, as given in the table for a line of &Jmt 
least resistance ^ hence, as a cubic foot of po«^ 
der weighs 67 pounds, the capacity of the.cfaaaiF 
her will be found by the following proportion ; 

lb* eub. ID. U>. ouk in. 

as 57 : 1728 : : 61 : 1849,2-for the fcontent of 
the chamber; thus, l)eiiig divided by 25$, the 
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sqaare of 1^, ^htqa^tieAf, 7,2 ^c|M«, ^«^lUl)t 
die deplli of the chamber, or lower di^^ision fit 
the box^-' • ..:> 

itie cainouflet is generally employed agftitiftt 
t)ie enemy's iiliner'^ so as to suffocate him Jn^hig 
branchy when approaching the defensive galle- 
ries, in which he may be heard at a distance 
of about SO yards: branches abc» abc, PL 8, 
iig. I * are made towards his 'flanks> and whem it 
»|)crccived that the extremity c has been pas- 
sed, a bcAe e is made with an auger of 6 or 9 
lAChiesi in ^liameter, and more or less in depth, 
^tccording to the distance he is supposed to fat 
ffom the poiat c. At the end of this hole 25 
Of -99 pounds of powder are lodged, in one^oir 
i* seteral bigs, to which the fire is communis 
oVteA by means of a quick-match placed in a 
iimall auget, consisting of one or more pieces of 
xtiitA about Ij^ inch square, into which a groove 
is'cut to receive the match, then covered with 
ai^bin board nailed upon it. The match is made 
pf^cting the auget a few inches, so as to enter 
tHe charge. Instead of an auget, several gun- 
binr^ls, of different calibres, having the breech 
taken out, may be joined together for the same 
p;ufpose; then the hole is stopped up with small 
9and-b$gs made for thia pqrpose, or with sods 
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i^filL rammed; tp the ^tbeiL.?wi of the.piatcK a 
j(icc« of ,spunlji li inch lpng>.and.-iV of s^n inch 
thick, ijs iSxed, which, after being .kindM^^ wH 
givetiiQe to the miner to retire behind give of 
tlie,n|)Xt loQp-holed doors, i, mside in the gal* 

. Th^ loading qf a mine is perforincd^inithe 
foUo.wing manner : when the powder i§ placed 
i^ thq chamber without a box, its. Uiiiiig, that is 
the. floor, ropf, and sides, rriust be ni^de with 
gx^at care, atiid the powder well surrou^idi^ and 
coy.ere^ with hay or straw, to prevent it from 
getting damp. 

A. box is usually placed in the chamber M 
cwtftin the charge of powder. The sjiap.e of 
ti^s.ho:^ should be spherical, to correspond to 
the Uw of inflammation, which e^^pands in all 
diroctions from the centre towards the sur&ce; 
bvi^ in .practice, the cubical form is .commonly 
11^. The size of a cubical box, to contain a 
gj^l^, quantity of powder, is found 99, fQllowjGf; 
a^.ja Qubic fpot contai^vis 57 pounds oft.poyirdeir, 
t])f, length of one of its sides will bp fovad, by 
mi»ltijlymg the weight of the given char^j^i^by 
^,^d the cube root of the product will be the 
sjdetof the. bcfn . m inches. Suppose, for e^mr 
plCf tke^iven charge to be 400 pounds of pow* 
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der, then 400X30=: 1200, the cuBe frodt'df 
which ii* 2^,7 inches, which \vilt Ke the fengtlr- 
in the' clear of one of the sides of the box. ' ' * 
When the ground is wet/ a tihing 'of stra^tr 
or 'sand-bags is necessary, which tequires tKcT 
size of the box to be increased by 1 or 2 incliter/ 
^ Every thing being ready for charging the 
inifad, the box is placed in the chamber, vvtitcli' 
bbiiig* solidly fixed, an opening is cut at thi 
tbp of itV when placed on a level with the bot-' 
t(5m of* the branch, or in the middle of its siffe,^ 
when one half of it is sunk to receive the a^-^ 
get, its end bieing directed towards the centl^ 
of the box. ' To this, other pieces of auget are 
joihfed, till brought to the place where the iniiit 
is to be' fired. This being done, its cover i^ 
taken off and nailed to the sills, to keep iff 
steady,' and the'saucisson is placed in it. Hie^ 
end of the saucisson, which enters into the bbx/^ 
is made to correspond with the centre of thtt' 
powder, and is fixed in that situation, by me^ni»i 
of k Wooden peg, thrust through it close to thtf* 
end of the auget Care must be taken that the' 
poVder in the sautisson may be distributcff 
equally, so that no vacant spaces be left which 
migtit occaMdn the miscarriage of the dBfect of 
the mine, . After this thfe* cover ofthenadgetltf? 
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naited upMk \t, and the nails driven \7ith a brass 
tbMm)4r; to . ptisvent accidente; and the wl^Ie 
covered withab6ut5inche$'t)f earth, llicrau- 
get being secured) the charge is brought to the 
box in 8aiid*bags, containing 25 or 30 pounds 
of vfTowder, handed Aom one miner to another, 
pbN^d' along the branch, arid Vhich the last 
miner em|)ties into the bdrx : ^^he: box being 
tiltts filled, its cover is put on, coiisisting of l|- 
or 8 inch boards; the vacant space round tlfe 
box is next filled up with sand-bags, sods,^ &c. 
and the chamber is covered with 2 inch boardsj 
called the door, and firmly propped with logs oi 
wood, or with timber 5 or € inches square, 
^^iost the opposite side of the branch, as in 
PL 7, fig. 3 and 4, or against that of a shaft, 
as; in PI; 6, fig. 5 and 6, This being done, the 
stopping up the branch is made with earth or 
simd-bags^ well rammed together, care being 
taken not to leave any vacant spaces, and to 
place, >at ' intervate^ logs of wood across the 
branch against the upright posts of the fraiA'es: 
wlien a return of the branch occurs, another 
pnippmg, as bg, PL 7; fig. 4, is to be made, 
aft ako one at the end of the stopping up. 

In order that the stopping up of a mine m 
the direction of its branch may oppose the 



Digitized by 



Google 



Oif ViNES. till 

action ofitl^.. powder, its rrtsi^ftiw^jiludtr^be 
equal tathat of the surrouxiding groandv wJbidi 
is pn^rtiofuil t(>4ts inass audi tenacity , or co- 
hicrenQe of its. parts; and exp^iieiice: pcorats, 
tfa^t in ckyey soil^^or those having much coo- 
sistence^ thexesistanqe r^svHiag fxom the tena- 
city is equal to that of the Alans. Mouz6 men^- 
tioni^, in his treatise,^ that be ascertained their 
relations from the following experiments. He 
can^ed^the loose earth of a funnel. prbdaced l]^ 
a minei of which the line of least resistance was 
10 feet, and its 4;)iarg)s 108 pounds of powder^ 
to be cleared; after which tbechanitier and the 
branch being re-established) the funnel was 
filled up with all the earth t}irown out of iti 
the r^^ew chamber lieing loaded with only 51 
poinds of powder, and stopped up as in the 
former case^ When fired/ it raised and carried 
at thf sam^ height all the earth which had been 
retnpyed in the. preceding instance. Whence 
he^co^j^pi^ded, that the resistance of the tenacity 
is ^u^L t^ rthat of the mass! He afterwards ob- 
server, ^ that this cannot be a general rale, as 
tlier^^is necessarily as: much difference between 
the tenq^qities of soils, as> between their con«tir 
tuent^'^parts. Whence it follows^ that as. the 
eac^tb ^ i^ployed. i^ the ^stop{^g up baa no 
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tenaciiy,- whereas that surrounding the cfaom- 
her possesses this. property ; that the necessary 
balance between. these differences cannot be ob- 
tained otherwise than by adding a double mass 
for the defect df the tenacity of the eartii .em- 
ployed in the stopping up; which is, that'tlie 
stepping , up ought : to extend ^ to a ? distan:ce 
equal ;tO:twice thejine of least resistaticcf, when 
performed .with:earth only; but it is possible to 
ditnini^h that extent, and to reduce it to onieatid 
ahalf the.line.of least:resi«tance, and evela to 
less, by the means of propping the stopping up 
at every frame with logs of wood, which cbn^ 
^iderably increases the resistance. 

. From the experiments .made by Mouz^ at 
Met^yin 1801, he found that the stopping up of 
a mine may be reduced by an additional charge 
of powder ; for when a chamber is placed at the 
bottom of a shaft, its stopping up cannot ex- 
ceed the line of least resistance relative to the 
, surface of the ground. Whence he concludes, 
1. That its resistance is always lesa than that of 
the. surrounding ground, nd, consequently, a 
greater charge must be used than if the stop- 
ping up could have been carried to double the 
e^teiat. . 8. The experiments he made in the 
lame year haying ahowu tljat an increase of i 
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fourth :p£ the (charge xeduce^ the; ^tQRping.Up .to. 
T^AV^^ t^t 9^i reduced it to ^; therefore the 
dtoppiiag up 0iay be reduced to J by the addi- 
tioij.,<^4,of the charge. .^ 

..HesLce it ifoUows, that a (chambelc placed at 
the; bottom of a. shaft, and required to produce 
a f uuBel having^ its diameter at the surfap^ 
t)f ^fae ground/ equal to twice its Ime of least 
resi&tanqe^ ^ust have its charge f stronger than 
th^lj i^ecessary for a chamber, to which the 
com^unicfktion is made by. the means of a 
brapch,. the stopping of which is equal to twice 
the line of least resistance^ 

As thi deficiency in the stopping up of a 
mine^ at. the bottom of a shaft may be supplied 
byoij^areasipg the charge of powder; a similar 
effect may also be produced in proportionably 
di#in£3hifig the stopping up of a branch* Can- 
se^Heiit)jri;^.increascd charge will be required 
tOjti^lln^y^^the whe^e stopping to be dispensed 
^^i^wilwch will be ^arly: equal to twice the 
otdiwuy charge/' . 

1 If h*. furpjcomitiun^tated to a mine is usually 
p^fyxTt^ hg xfi^msMf the monk, see PL V fiff- 
^^fjand its dej»c):}ption giyeii in the definitions^^ 
After having fif*:cd;:rthe pajt.of the sauQissor^ 
Which pt«ti«*P AxJittte kPVQU^ 4feB/3j|get at^tja^^ 
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end of tiie stopping up, an opening is made at 
^ its extremity, and loose powder laid upon it; 
,after which it is covered with the monk^ stfid 
made steady by small stones placed upon the 
^extremities of the papei*, beside being covered 
with a little sand pr dry earth, to pijevent acci-- 
dents. When the mine is ^6 be fired> the miner 
is to have ajnotber piece of spunk of the same 
^ize as that of the monK which he kindles at 
the same tio^e a$ that for firing the mine; in 
order that he may be able to ascertain, when 
retired, (he instatit at which explosion should 
take place. This second piece of spunk is 
called the witness. This method of firing a 
mine dpes not generally succeed, either from 
the minier not having kindled the monk pro- 
perly, from the dampness of the branch, or, in 
short, from the want of a circulation of air. It 
:isJikewise subject to the inconvenience of re- 
quiring a certain space of time between the 
firing of the mine and the explosion taking 
place; hence, other methods may be used with 
greater certainty and less delay; either by using 
a pistol, a fire-lock, or a lock with a pack-thread 
tied to the trigger. Also, by the means of the 
trap, PI. 1. fig. 7, which hajs been described in 
the definitions, apd this method is preferable to 
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wyof the former coptriy^nces^ being the mo^t 
^certain way of firing a mine at the moment ili 
effept 13 required, which is of the utmost im» 
portauce in the defence of a place* By using a 
number pf thftse tr^ps, having their »liders coa* 
nected with pack-threads or wires, 20 or 84 
mines may be fired at thi^ same time, and with 
greater certainty of an immediate effect than 
when fired from one fopus through a great length 
of saucissQn, in which, as the proportioning of 
the fires requires a complication of measures 
^nd returns, it can ngver be accomplished with 
suph acjpuracy a$ to pjoduce a joint effect Bcr 
^ides the smoke of the $aiieis$on, lyhich issues 
from the opening of the auget at the epd of the 
stopping, fills the neighbouring galleries and 
branches, and corrupts the air, which was al- 
ready unwholesome; but is now rendered so 
foul as to be mortal to those who breathe it: 
consequently they must be abandoned until, by 
means of ventilators, a purer air can be intro- 
duced, which id an operation that causes a great 
loss of time. Therefdre, in order to prevent 
Jthe bad effects of the smoke produced by the 
saucisson, the ingenious invention of Captain 
Rugy, called the num^y is employed, see PI. 1. 
fig« 8,^ and its description, as given in the 

I 2 
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definitions, by which means the gallery 6f 
branch will be kept clear from smoke, except 
any "should pass throngh the aiiget at the time 
of the e^plos^ion of the mine; and this may 
easily be intercepted very soon after the explo- 
fiibii has taken place, by the opening in thift 
auget at the end of the stopping up being cc^ 
ver6d with i sand-bag, 6t by any other mean». 

Etieitne, in his Treasise on Mines, proposed 
a method for preventing a gallery from being 
filled with the smoke of the saucisson, which 
Consists of a partition, A B, PI. », fig. 2, of 
Strong boards made' in the gallery, at a conve- 
nient distance from the stopping up, ef, and 
having an openih^^ a c, made in it 8 inches in 
height, and 6 ifi width, which is closed by means 
of a clappet, s, consisting of a board made to slide 
easily up arid down, having a pack-thread fixed 
to the point i, passing over a puUy b, and tied 
to the extremity e of the sauCisson ; which, on 
being fired, cuts off the ende of the pack-thread, 
and causes the clapet to. slide down into the 
groove g, made fofr this ptirpose. The fire is 
commiiriicated to the saucisson by means of 4 
quick match^ h e, of a proper length. * 

When two inines, a and b, fig. 3, are to be 
fired at the same time, a line ab is drawil 
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tliTQUgh their centres, and bisected in d ; froni 
}:bis point a line df is drawn perpendicular to 
the gallery gk; according to this direction^ the 
branch f i is made; then the braBche$ towards 
the chambers a and }) are traced^ a$ already 
shown in PL 7, fig. 3. 

' When the fire is to be communicated tq 
three chambers at the same time, forming a triCr 
foil, whether regular, as fig. 4, or irregular, as 
fig. 5, the central point c of the proposed situar 
tion of the three chambers a, ^, e, is first found j 
then, from the point c, a line is drawn perpendi- 
cular to the gallt^ry d f, fig. 4, in the direction 
of which a branch, i c, is carried op, from whictj 
other branches are made towards a, b, and e. 

When the salient angle of a work is to be 
defended by three trefoils, a b c, d e f, g h i, fig. 
6, whether they be regular, or irregular, and re- 
quired to be fired at the same time ; their cen-? 
tral points, 1, m,n, are first to be found, as in 
the preceding example ; and then, with respect 
to the points I, m, n, the central point k is de- 
termined, whence a line is drawn where the 
focus s is to be situated. 

When the communications to the chambers 
are made by means of branches, the directions, 
showing their middle lines, are traced op a 
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board of about 15 inches square, in order to 
enable the miner %nder ground to proceed with 
. Accuracy in the excavation of ihe branches 
c a, c b, c e, fig. 4. But, in temporary fortifi- 
fion, where no galleries are made, the disposi* 
tion of the chambers, and the proportioning of 
the fir^s, are triced on the surface of the ground 
from the plan, according to which the shafts 
I, m, n, fig. 5, are sunk, and trenches dug, into 
which the saucissons are placed, as shown in 
PI. 7, fig. 16 and 17. . 

The proportioning of the fires of a number 
of chambers placed in the same plane, whe- 
ther horizontal, or inclined to the horizon, is re-* 
duced to a general method, applicable to all 
possible situations of chambers in the same 
plane, whatever may be their number. 

Suppose, for example, that we have given 
the six chambers, a, b, c, d, e, f, PL 8, fig. 7, all 
equally distant from each other, and also that 
their situations are equally distant from a gal-^ 
lefry, g m, or from a given line in an open space ; 
consequently the saucissons, ag, bh, ci, &c. 
placed from the chambers to the gallery, will 
all be of the same length. Then gh, ik, Im, 
being joined by saucissons, as close as possible, 
to that side of the gallery n^xt the chambers, 
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and bisected in n, r, and t ; these points of bi- 
section will be the central fires of their relative 
chambers ; to these central points, no, r s^ t u^ 
are fixed, at right angles, their length not ex« 
ceeding I foot, nor being less than 6 inches, 
that they may neither occupy too much space 
in the gallery, nor be too close together, by 
which means they might damage each other ; 
then two of the ends, as s and u, are joined by 
a saucisson, su, which being divided into two 
equal parts, the point of bisection, v, will be the 
central fire of the four chambers, c, d, e, f. By 
placing a saucisson, op, parallel to gh, and 
equal in length to v u, the point p will be at the 
same distance from the chambers a and b, as 
V is from those c, d, e, and f. From the central 
point V, take v x, of a convenient length, and. 
make p q equal to v x ; join q x, which being 
bisected, the middle point y will be the central 
point of the six ^chambers, a, b, c, d, e, and fj 
then from y the saucisson is made to join the 
focus z. 

Here the proportioning of the fires may, in 
great measure, be reduced by means of the trap, 
PI. 1, fig. 7, one being placed to each of the 
central fires, o, s, u, and cc^mected by pack- 
threads, or wires^ r, r, see PI. 8, fig. 8. 
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When the distances between the chambersi 
A, B, and C, D, fig. 5, are equal to each other, 
as in the preceding example ; but are not all 
equally distant from th^ gallery, so that the 
^ranches C I, D K, will be shorter than those 
AG, B H, the central point p, as in fig. 7^ can- 
not be taken at the middle of d h, fig. 9; theren 
fore A G+G a must he made equal to C I+I g. 
Draw a c parallel to b d, meeting the prolonga- 
tion h d in c; the central point p of the cham- 
bers A, B, C, D will be the point of bisection of 
the line ch, whichi by construction, will give 
AG-t-Garlrac+cppCI+Ig+gh+hp, and, 
if for cp, the two lengths ab, dp are substituted, 
the sum of which is equal to that line; and alsa 
for a c it§ equal b d, we shall have A G+G b-h 
bd+dp=CI+Ig+gh+hp, 

The point p may likewise be found by mak-; 
ing he or gfziAG+Gb— (Cl+Ig); then bi- 
secting e d, because e h being equal to c d, the 
middle of de will likewise correspond with 
that of d h. 

Should there be a fifth chamber L, its situa- 
tion being qot in a line with any of the former 
chambers, and it were required to be fired at th6 
same timej, as those at A,B,C,D, another central 
point must be found in the following manner. 
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After having determined the length pi, through 
1 draw a h*ne 1 i parallel to d h, meeting the pro- 
longation of 1 i 'in i ; then in the line 1 i find a 
point k, so that Li+i k may be efqual to A G 
+ Gb + bd + dp + pl> then the remaining 
length 1 k being divided into two equal parts, 
its point of bisection q will b^ the central fire 
of the five chambers A, B, C, D, L. But as ii^ 
the proportioning the fires to the chambers 
A, B, C, D, there are two returns, as p 1 and b d, 
inpre than in that for the chamber L ; two re- 
furhs, as k m and n o, must be made, of which 
Icm+no being equal to iM; this is necessary 
to be observed, as it is known from experience, 
that every return at right angles reta^-ds the 
progress^ of infl^uimfttion eqqal to 4 inches in 
the length of the i^aucisson. 

When the chambers are not at equal dis- 
tances, or of an odd number, as in fig. 10, 
the distance of the two farthest chambers is 
taken with a pack-thread> which being folded 
into two equal ps^rts, and one half of it stretched 
from one of the chambers ^long t|ie branch, it 
will give the central fire c of the two chambers 
a and d ; the chamber b being at a less dis- 
.Jance, the fire cannot be communicated to it in 
81 straight line, since it is required to fire the 
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three cfiambers a, b, d at the same timie^ there- 
fore half the same length of the pack-thread ' 
iTiast be applied from the central fire c along 
the branch cb, by giving it several windings; 
observing to' make the returns as open a^ possi- 
ble, as, otherwise, it would retard the inflam- 
mation of the chamber b, as observed in the 
preceding example. 

' ' ' .■ ■ . 

♦^ OF THE PISPOSITION OF CHAMBERS AMONGST 
EACH OTHEBy AS GIVEN BY MOUZK' IN HIS. 
TBAITe' DB FORTIFICATION SOUTERRAINE. 

^^ Chambers are established upon one ima* 
ginary plane, within the solid substance of the 
earth to he blown up parallel to the surface of 
the ground, or upon different planes, likewise 
parallel to the surface, and situated one above 
another. Those which are established upon the 
same plane, but at such distances asunder asi^ 
may best answer the object proposed. If they 
are destined to act separately, they bugiit to be 
distant from each other, at least twice their 
lines of least resistance; they then take the 
ftame of insulated chambers^ and the great cir^ 
cles of their funnels are tangents, PL 9, fig- 1* 
Jf they are to act together, they may be brought 



Digitized by 



Google 



nlOPe ot lesi hear to eadh Other, in proportion' 
to the eif6ct^th'ey are ibtend^ to produce; 
they ai-e then called combined chambers, and the 
great circles of their funnels intersect each 
other, fig. 2 and 3. 

" When intended to break up a surface to- 
tally at one explosion, several combined cham* 
bers may be fired at the same time: these may 
be situated in one line, or at the angles of a tri- 
angle, 'a be, fig. 4, or at those of a rectangle, 
e d f g, fig. 5, or of any other figure, the point 
to be blown up occupying its centre. If, on 
the contrary, a large surface is to be included 
in one explosion, then several insulated cham- 
bers are to be fired together, the circumference 
of their funnels touching each other ; but it is 
to be observed, that if the property of these 
chambers to act separately is, at the saiiie time, 
to be preserved, they must be established in one 
line to which their hranches are perpendicular, 
so that they cannot be situated at the angles of 
a triangle, or of a rectatigle, except the sides of 
these figures are surrounded by galleries, 
whence a communication may be made sepa- 
faiiely to each angle. 

" Combined chambers are employed to blow 
dp:tli^ whole ground upon which batteries arc; 
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iCrected; insulated chambers are likewise em^ 
ployed for the same purpose, or against the 
heads of the saps, or parallels, so a^ to act upon 
a greater surface, without too much disturbing 
t)ie bottom. 

*> When mines are insulated, each of theui 
is charged with the quantity of powder corres-? 
ponding to their lines of least resistance; but, 
"when mines are combined, they must not be 
charged with the same quantity of powder as if 
they were insulated; because a p^t of the solid 
to be raised will be acted upon by the two 
mines jointly. In the hypothesis that the figure 
of the funnel i§ the frustum of a cone, this poj:-? 
tion of the solid forms a double hoof, which has 
far base the surface of the ground ABCG, fig, 
2 and 3, and for height the line ID, fig. 2, of 
the profile, and of which the vertical section, ac- 
cording to this line, is a hyperbola, A C D^ fig. 
6y which is wholly traced upon the frustum of 
the cone, when the distance between the mines 
is not fess than their common radius; but if 
this distance is less than that radius, then a part 
pf the tracing of the hyperbola falls upon the 
vertex of the cone, the frustum of which forms 
the funnel. 

f ' Be^out gives a method of calculating a hopf 
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^heh the elementary section is a parabpla, 
irhich may serve here by substituting the hy- 
perbola for the parabola. 

"The solidity of this double hoof does not 
become sensible, compared Avith the entire mass, 
tintil the chambers cross each other by at least 
the whole radius of- the superior circles of. the 
funnels, that is when the mines are distantifrom 
each other a space equal to their common^ ra^ 
dius, or to their fine of least resistance. There 
will be, given hereafter tables for the charges 
of two chambers insulated or combined, from 
the point where the circumferences of the fun- 
nels are tangentS;j to that where they coincide 
with each other. 

**To cause several mines to produce their 
eflfetts together, saucissons must be laid in such 
a manner that the length of them, from each 
chamber tothe common focus of the fire, may: 
be the same by bending the saucissons in those 
branches, which are shorter than the others, as 
shown in PI. 8, fig. 10. When all the clAmbers 
are placed upon one plane parallel to the surface 
of the ground, it is called a disposition of one 
stage only ; when placed upon different planes 
parallel to and below one another, thei) it is 
ejjllcd a disposition 6f two or of three-stages; &c; 
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The inteDtion of a disposition of several stsgen 
of diambers is to &top the enemy longer upon 
the same point in his attacks b^ sucpes^iyely 
firing the mines of the different stageS) which 
increasing, their lineal of least resistance, in pro- 
portion as they are more remote from the first 
stage, produce .funnels, the principal efiect of 
which takes place towards those of the first 
4tage, where part of the resi^tai^ce has beem rci^ 
moved by i^evious explosions. 

'Ml^ chambers of the sejcond stage must 
be distant from those of the first a spa^e equal 
t^ twipe the line of least r^ista^ce of thcsf 
first, aijd it is the same with regard to thpse of 
the third in respect to the second. 

" Wiheil the difference of height between 
t\vo stages does not e^ceed'S feet, then the dis-^ 
tance ;of a chamber of the second stage, from 
pneofthe chambers of the first, may be mea- 
sured bori^OQtally ; jthat is, if the chamber of 
the second stage M, fig. 7, is not more than 
about j$ feet below the chambers PP of the first 
stage, and that these have 12 feet line of least 
resistance, M P is tp be made equal to 24 feet. 
But if M was stiU mpre below P, as 12 feet for 
instance^ then if the horizontal, MP^ was .made 
efjual t^ 84 feet, the read distance between the 
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twocbambexs, which is the hypothenuse of a 
right-angled triangle, having MP for one of the 
«idj^ adjacent to the right angle, and IS feet 
for the other side; would }?e nearly 87 feet, or 
Ab6ut S feet too mnch; in this case, therefor^ ^ 
it WUI be neoessary to calculate the horiiontal 
side, M P, of ja right-angled triangle, whidh must 
harve a hypotbenuse of 24 fe6t, and 12 feet £ot 
tbeTertical side adjacent to the right anj^, ind 
it will be found to be about 21 feet; 

** According to this principle, it is easy to 
dispoise the chanibers of ^several stages, to an- 
swer the end required^ The tracing of the 
-iiranchc^ is likewise without difficulty, when 
the chambers of each stage, either cotEnbitied or 
insulated, are to act' tc^ether ; but this tracing 
i>ecohies rather etnbarrassing when it is intend- 
ed to preserve to the insulated chambers the 
means of being fired separately and succes- 
sively; because then the branchpes of each stage 
ought to be disposed in such a manner as not 
to be affected by the explosion of the chambers 
n^xt to them, and they ought, consequently, to 
be at the distance of twice the line of least re- 
sistance, especially those of the £rst stage* As 
to those of the second stage, this rule need not 
to be so strictly observed^ and the distances oC 
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a branch from the next chamber to it^ may \}i 
reduced to 1,66, or 1^75 of the line of least re^^ 
sisfcance; because the effect of the second cham^ 
bera being naturally in the direction of the 
chambew of the first stage, they act a grfcat deal 
less upok the other surrounding parts j and^ be- 
sides, the full charges are never employed for 
the chambers of a second stage, because the re^ 
sistance of the ground being already overcome 
by the action of the chambers of the first stage^^ 
those of the second require less force to j)ro* 
duce their effect, which is only required in the 
direction of the first funnels* 

*' The miners of former limes held in great 
estimation such chambers as were combined 
two and two, or three and three, which were 
called double mines, or trefoil mines,' and the 
excellence of their execution consisted in blow* 
ing up all the earth from the bottom to the sur*^ 
face of the spot, under which they wer6 placed^ 
in such a manner as not to leave any keel or 
pqrtion of the soil undisturbed. This manner 
of operating did not require any work for the 
tracing of the branches, which were found to 
be entirely destroyed by the effect of the cham-^ 
bersj but at present, when it is well known^ 
that mines influence as much by the effect they 
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produce upon the imagination of th* si^Ldier, a» * 
by the destruction of his work, endeavours are 
made as much as possible to manage tl^e efiTjSCt 
of the explosions, so as to keep up the terrjdy 
they occasion by firing them successively vitlfcr 
put paring if between two funnels of a ^1^g9 
there should remain any portions qf ^arth UUr 
disturbedi but which must be blown up by (he 
effect of the chambers of the inferior sjtage. To 
fhow, by fti^'^ipxample, the advantjigei? of thj» 
Oiejthod of employing mines,, wc ^Jiall apply it 
to the destruction of a battery of two howitzers, 
0bcdf pi. 9j fig. 8 and 9, situated ajt t]ie bpttpn^ 
of a glacis, two dispositions of chamber? of twQ 
stages, the, one 10 feet, and the other 20 feet 
line of least resistance : in the pr^fi the cham- 
bers will be combined, and conseqju^ntly desr 
(ined to act jointly, and in the other they will 
be insulated,, and may be fired separately. 

" We shall make use of these examples to 
give the method of regulating the slopes of the 
galleries and branches, in order to arrive, wit]^ 
preois;on, at the desired lii^s of least resistr 
ai^ce; and w;e shall again entef into new detail; 
VpoJii tjii^ chai^e^, ^ also upon their effects. 

"JL?t us first <?l^serve„ thajt when it is i^ 
%i^e^stion |:o destroy ^ battery, there ought to be 
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no apprehension of forming deep excavations^ 
a$ they will give sa much the more work to the 
enemy ; it is for this reason that there is pro- 
posed a stage of 10 feet to produce a first de- 
struction, and to prepare the effect of the se- 
cond stage, which having SO feet in depth, will 
produce an excavation so considerable, that the 
enemy will not be inclined to fill it up^ 

" The fig. 8 is the plan of the first disposi- 
tion in which the chambers of each stage are 
combined and destined to act together. The 
• inspection only of this figure suffices to show 
that the four chambers A A and B B of the first 
stage, will destroy the whole breast-work and 
the terreplein of the battery, and that the 
same thing will happen from the effect of the 
chambers of the second stage ; Which meeting 
with little resistance towards the two chambers 
B B, all their action will be on that side, and 
they will again blow up the earth of the first 
funnels, supposed to have been filled in by the 
enemy, and once more destroy the breast-work 
of the battery. This battery may then, by such 
a disposition, be totally destroyed twice succes- 
sively. But is it absolutely necessary to destroy 
entirely, each time, the breast-work and the 
platforms? To resolve this question it will be 
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SUflicieiit to examine the end proposed^ but this 
end is nothing else than t!b prevent the enemy 
from using his battefy; and for this purpose 
there is no necessity to destroy it, or to level it 
-entirely; aU that is required is to damage it suf- 
ficiently to render the guns unserviceable for a 
considerable time; and this is precisely what 
may be effected by the disposition of insulated 
chambers, fig. 0, since, by executing as follows, 
the five chambers which compose it, instead of 
six> which are in the othet disposition, the bat- 
tery may be destroyed; at least, four times in- 
stead of twice, and cdnsequently the enemy will 
lose double the time, if he insists ujpon re-» 
establishing iU 

" 1st. At thc-moment when the enemy un- 
masks die embrasures of his battery,* the cham- 
ber D at the centre is to be fired, which will 
destroy the platforms, the embrasures, and the 
two-thirdsof the thickness of themerlon between 
the guns. Sdly. When this first disorder has 
been repaired, and the guns replaced, the se- 
cond chamber E on the left is to be fired, which 
will render the neighbouring piece unservice- 
able; and if, while repairing this second dis- 
order, the enemy continues to use the piece 
upon the right, then firing the chamber F, it 

k2 
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WiU like\ri«e become niiQiSf rvicei^a In tb« €$mje 
oiaa^er a& that upeia^b^ left 3dly. The 9eoQ«4 
4i^r4er ))^qg repaired, tliie chamber 6 of the 
teeofid atage i$ to be fired, whiek wiU again 
%ov€ and blow the ^artb out of the two £uiir 
^el$. £ aotd P, throwing th^ir rubbish* with 
fsotoe of its own^ upoa the tef repldb, and i^u 
that i^rt ef tiate bre«;8t-work to the fight^ which 
will not hav^ beea destroyed by its efiect 
4tbly« A«d kf^tly, the dhamb^ H beiqg €red in 
i(» turm after the thirds reparation will again re- 
jsmve ti[ie,^afth of (he otber fun«iels» a&d<i>hlig)s 
the enemy ^o make a^fwrth reparation. 

''U will, ne dAiM, be objected, tliat the 
efiemy will not have the perseverance to undcK- 
take all tlie^r^airs^ isi^d tba$ he will pi'efer, 
after the &^ ^r i^econd explo^on, t^ change 
the 6itwJkioti <^ h>$ battery. Thie may be the 
cte€t» aad, prrobabiy, his best way of proceeding ; 
but it d^fi <Aot ^faie leaa result, from the coiTipa^ 
ruioa |H&t usiade, tliat the dispolsition of ch^m* 
ber-s destined to act separaitely^ has much advan- 
tage, over the otfa^, as it affords the means of 
atoppii^ the enemy a great de&il longer upon 
the ^$aH>e pointy shoald he iinsii^t upo^ keeping 
his {positiea ; and a^ it «aay be applied^ with 
aomeiao^ficaliopi^^iigftinst the bj^ching-bat- 
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tertes^ the situation of whidi is detcttnaMd, or 
;igainst tire beads of the sap, and the lodgfuenl^ 
Ht the saliioits of the covert-^Avay, it onghtto be 
pfcf(?i^cd in every respects 

♦* NothiDg is more easy tbgti to regulscte ^he 
slopes of the galleries and brandies. The ^tx>^' 
posed plao is traced on the :snrface of the gk>und 
$LS well as the position of the listraing-gallery, 
or that of coomuinication, supposed to form 
fart of the defensive galleries of the place, the 
depths of which are understood to be known. 
Afterwards levels f^re taken upon the whole sur- 
face, particularly ftt those points which mark" 
the intersections of th^ centres of the galleries 
&nd branches, and the situations of tlie cham- 
bers : thi^ will be sulficient to regulate the slopes^. 
On this plan afe written the 4iflferences of level 
poaTCSponding to the surface of the ground, and 
close t^ each dimension^ with a different co- 
loured ink, the depth of the galleries and 
brandhes which are to correspond. Suppose, 
ihr example, that She surface of the ground, un- 
der which the disposition of the chambers, fig, 
9, is on a level, or nearly so, that the listening- 
gallery I K has dO feet for its line of least re- 
sistance^ and that the plane of comparison passes 
W th^ distance of 6 feet above th^ f^wface of tlic 
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groufid; tlienall the depths of this surface will 
be expressed by 6 fept, and those under ground, 
which correspond to the different openings to 
be made in the listnfer I K, will be 26 feet; the 
depths for the chambers of the second stage 
will likewise be 26 feet, and those of the cham* 
bers of the first stage 16 feet It only remains 
then to divide the difference of the depths by 
the horizontal length to have the slope to be 
observed. Wherefore, to proceed from the 
Opening M to the chamber D, the difference, 
10 feet between the dimensions below, is di^ 
vided by MD=:19 yards, and the quoti^it 6,6 
inches will be the ascent per yard. The slope 
to arrive at the chambers E and F will be ob-. 
tained iii the same manner, by dividing 10 feet 
by the lengths of the half gallery, and the parts 
of the branched) whi<:b> together, form a length 
of 21 yards, th^n 5,7 inches will be the ascent 
per yard. Lastly, the chambers of the second 
stage b^ing on a level with the listner, the galr 
leries find branches which communicate with 
them are likewisp on ^ level. 

This 6x^^mple will suflSciently show how 
easy it is to regulate slope?, what^v^r the 'Sur» 
face of the ground may be. 

When the communication from the listney 



Digitized by 



Google 



PK MIKJi0. 135 

I K to a chamber is of a greater lengdi thaathe 
part of it to be stopped up, in this case the ex<«. 
ceeding length is formed into a half gallery, as^ 
may be seen in the two plans, in order to gtt 
more air, which might fail without this precaa« 
tion. 

<' The chambers of the first stage, fig. 8, not 
intersecting sufficiently in the direction A B to 
notice the common solid^ upon which they act, 
there may be given to each of them the charge 
corresponding to their respective lines of least 
ricsistance ; but those Of the second stage cross* 
ing each other 10 feet, or pne half theur com- 
mon radius, the charge of each of them ought 
to be diminished about 0,025, . which, in a soil 
requiring l^ pound per S9 cubic feet, answers 
to about SO pounds. 

^* The chambers of the first stage, fig. 9, being, 
insulated, those £ and F may be overloaded by 
5 or 6 pounds, to increase the action towards 
the centre of the battery without danger to the 
second stage; because the first chamber D bav* 
ing already shaken the earth comprehended be^ 
tween the diameter of its funnel and the chamr 
bers £ and F, the action of the commotion of 
these last, always proportioned to the timf: of 



Digitized by 



Google 



I%5 A tJAEAl'ISS 

liii nsi&tahce^ will be Ies% than; if tht6 cfaam&^r 
hasii not been fii«fd ; and tiie greatest j^att bf die 
letfect of thefde coUflter&l chambei^ will be to^ 
itmdii D, the firing of which will have deteri 
mined the idast resistaihce, by diainrbtng the 
parts adjacent to the lip of the funnel. 

** As tb tfee chtaiberSi G and H of the sedond 
dtltgb, they will produce the intended effect, by 
rddficing tb 0fi6 the charge which corrispoiidci 
with ^faeir Imes bf ieist reiiistaace, tfaonid they 
slot be required a^ a second stage in ground air 
ready blox^n tip by &b dfect of the first^^ WlScfa 
hasdetenhiited the Kne of least r^sistknce to- 
^krds tiiat grouild at k tlistance irbm G bi abcmt 
15 feet instead of 80, ^ tna^ be s^eh in the ^vo^ 
file tidcen oh the Knie £6^ % IS; so that 
these second chambers may hk loaded for a Hne 
of leslst re^stanee of 15 fdet instead of ^D, ^nd 
thb cubes of theke numbers being tb each other 
ak 1 to % it follows that thie chargb mi^ht be 
redurcfed to one half, if it is nht tb act upon the 
mas^ 6f eilTth of the fllnnel £, which we «up^ 
polbe tb be filled up d^gain. Now this mdss re« 
qnixes/a^ ihentioned, adhkrgeeqnaltoimlftfaat 
bf die chamber E, and the charge 6FE being fai 
%h^*of G : : 1 : 8, the inoi^ase to be mfede fot 
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Ihe mass of £ will be ^m of G ; lo thvt tlie 
whole of. the charge oF tfaife ehambef murt M 
0)504-0,00, of O ssO|56^ vl^hich may be inei «a6e4 
to(),6Q. 

M it is in coii$eqiieno0 of their dimimitiott of 
the charge, and of the ^f&ct bttmnfi thut thd 
branches of the second stage have been Mad* 
at a distahoe iroih die of^oiite dianlier less 
liian twice the lisve of least tembmck, by pkt^^ 
iiigthcmfttddieelitvsfteaidpf^dfiP^; buUhfey 
are safe, since tiie real imt of toalt r^staitist 
being 15 ftc*, they might have be^brbaghft kk 
near as SO febt to <% laif»(>OSi«l Qfa^b»t; if 
these cha/mbdrs are to bb fired Without b&iiig 
preceded by others, they should thtn be loadt^ 
With their fall charge, ahd the little i««iit& ^ 
the bramch s^pold be madb in an oppbsite dii^ec- 
tiph, or the Whole brai^oh might be traced ^- 
cording to the dotted line, as ^nay be seen for 
iht chamber H« 

, " From wha* has biereii iiaid It results, th^t in 
tvfery disposition of itl^Ulated * chambers, tholife 
of the first stage ought to be distant from eack 
tther twice thfeir Knfc of least irebistance to b*^ 
entirely safe, niid thiit th^ braiiches cbmmuni^ 
tatmg to them ought lifcewise to bfe disposed! lA 
such amanher^as thiit, ih their whole Idnglb, 
they may be distant twiifetlte lifte itf least re»- 
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sistatice from the collateral chambers^ measured 
from centre to centre ; but that ikfi chambers 
and bmncbes of the second stage may be brought 
nearer together, in proportion to the diminu* 
tion of their line of least resistance, occasione4 
by the action of the chambers <^ the superior 
stage 

/^ A great many experiments have been 
made at, Verdun to ascertain how near the 
chambers could be brought to each other when 
they are in a same plane with regard to the sur^ 
faQf of the ground, or when they are in several 
piques, om b^low the other; but, as many va^ 
riajtions occurred as there could be in the soil 
in which the experiments were made, such as a 
climmb^r of the second stage placed at once and 
a half th« line of least resistance, from those of 
the first being preserved, while others placed in 
the s^iie manner were affected, owing, very 
likely, to some differences in the nature of the 
spil bf^tween th$ chambers of the . two stages. 
It was, however, generally, observed, that the 
di$tp.nce between the chambers of the same 
stpge intended to be independent of each other 
sl^uld hs greater than once and a half their line 
of least resistance, and that there should be 
twice this line from centre tp centre, in order 
tp secui^e tho extremitips of the branches, upon 
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the flank* of wbich the chambers are eaftJtbHsh* 
ed ; so that if the stage has 10 feet line of least 
resistance, the chambers should be SO feet dis- 
tant from each other, and there should be, at 
least, a distance of 17 feet between the centres 
of the cham11>ers and the surrounding branches 
and galleries which are to be preserved. It 
was likewise observed, that the distance be- 
tween the chambers of one stage and th6 cham^ 
hers or branches of an inferior stage might be 
diminished in proportion as the <Ufferent strata 
of the ground become more dense the further 
they are from the surface; so that if the first 9 
OT 12 feet in depth are composed of common 
earth, with a mixture of sand or gravel, and af- 
terwards' the soil becomes more compact, pon- 
sisting of stiff clay, or ground mixe^ with 
stoneS) or veins of rock, then the distance be- 
tween the chambers and the branches of the 
two stages may be between once and a half and 
twice the line- of least resistance of the first 
chambers. But to fix the distance exactly, it 
is not sufficient to reason upon the different re- 
sistances, which masses more or less dense 
might oppose; but also experiments should be 
made in the soil itself, where the effect is to be 
produced, 
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. ' <} Tables are annexed of the charge to ha 
mted for msulated or combined chambei'ss from 
tbe point when tbe dFCuniferences of the fun-^ 
mU are tangents until th^ becofiie ope and tb| 
Mmeoircle. ^ 

^< Tbe tables for the changes of combine^ 
diamliets hav^ been calculated according to the 
generall formulas resulting from the solution of 
the foltewittg problem- 
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PROBLEM 



*5 To detifnme the ^Udjbrmed by tke penetrath^ 
0f two tqual right coj^Sy of whiqh the axes art 
paraikly and their heights eyudl to thf ^me- 
ter ^ their bases. 

" Suppose the two equal right cones^ K L G, 
B £ M, PL dy fig* 2 an4 S\ which penetrate each 
other to any quantity represented by B G upon 
thesuperior bases : BD G wijil be the pr4>fileof the 
solid sought, and A B C Q will be its superior 
base* If this solid, fig. % is c^t by a.p'lai^ D I 
parallel to the axes^ and directed according to 
the chord AC| it is divided into two equal 
parts; each of which will form a l^ooi^ abc^ 
fig. 10, which will have, for superior h94^i, 
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tbe known segment a icftf, or ABCIA, and 
<br Hi Vertical section upon tf c, a hyperbola 
dcd; but the inspection only of the figure 
shows, that the hoof abed is equal to the py^ 
fhm\dab€€j Hiimus the pyramid /ic if ^; where^ 
fore iXa^cd:=:9iX(abce^ac4e); or «(<:« 
zzabcXr g^f and as the section acd is paral- 
lel to the axis, the pyramid acde will be equal 
toacdXrgh then &xa b cd^xiSi. {a bcX^ge 
^acdx^gi). 

" L^t MS represent by r the radius bg or 
J&G; by a the known arrow bi or BI; by 
if th^ chord ac or AC, and by S the l^nowii 
s^Tf$fi0 of tiie segment ebc or A B C^ th^ 
pyramid ekce, or abcx^ ge will be S Xt ^ 
as accKiMrding, to hypothesis g€z=:Zbgsz%r; to 
have t^e other pyramid acde^ the surface c e^i 

<of the hyperbola is •multiplied by ^3 ' — "?^ 

upon which it is to be observed, that if the sur- 
face of the hyperbola is found by the known 
methods of approximation, then the general ex- 
j)ression for the solid sought cannot be found 
otherwise than by a long formula containing 
quantities difficult to reduce to those which are 
known, as there should enter into this calcula- 
tion at least the first axis of the hyperbola, 
which necessarily >v'ill vary as much, as the 
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curve. This renders it more convenient to fol^ 
low the method given in Clermont s practical 
geometry, who measures the hyperbola as the 
parabola, that is by 4 of the circumscribed re&- 
tangle, so that in this example the pyramid 

iicde will he ^xia€Xid)xQ~); now id 

=ID=?2BI=:2fl; then acrfe=4(2cX2«)x 

(~)=4 <^cx(r— tf); lastly, therefore, the 

solid sought 2(a6crf)=2X(SXT^'^[|^cX 
(r— fl)]): that is- the segment ABC must be 
multiplied by the ^ oF the radius, and after- 
wards multiply ^ of the product of half the ar- 
row and half the chord by what the radius ex- 
ceeds the arrow; subtract this second solid 
from the first, and take double the remainder. 

** Let us now examine what will happen if,, 
instead of the two entiregCones K L G, B E M, 
they are the two frustums of cones K N R G, 
BPFM, fig. 3, with equal and parallel bases 
penetrating each other. These two cones hav- 
ing for height and for inferior diameter the ra- 
dios of the superior bases; it is clear, that by 
the inspection of the figures 2 and -10, that the 
preceding formula will suit as long as the line 
jBG, which measures upon the superior bases 
the penetration of the two frustums of cones, 
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should Hot be greater than the radius of these 
bases, since, in this example, where B6=:G M, 
the hyperbola ac d meets the extremity d of 
the inferior base of the frustum. But if B G, 
fig. 3 and 11, becomes greater than the radius 
BS, then a part qpod of the nolid abed 
being without the inferior base of the frustum, 
the solid obtained by the preceding formula 
would be too great by a quantity represented 
by twice of qpod^ another expression must 
therefore be found for all the cases in which 
BG be greater than the radius BS. 

" The solid abcqpo=abcd'^ qpod; now 
qpod will be measured in the same manner as 
a be dy tliat is in representing the radius P r by 
7^, the arrow PT hy a\ the chord o^ by 2 c', 
and the segment qpo by S' we shall have qpod 
ss<X4- r'-4» ddy^iy-^d). But according to 
the data in the problem /=|^r and to have «'= 
PT, say as DI : DT :: BI : BT; now DI= 
BG=2>i,and TI=BS=r; then. DT=DI-TI 
=2^— r; then, by substituting the Algebraic 
quantities, there will be Sir : 2^*— r : \a : PT=: 

22|^-a-.|.r; thenfl'=j^f=5a— |r substitut- 
ing the numbers df in the above expression for 
the little solid yporf, there will ht.' qpod^\ SV 
•*-[! (^<f — i ^0 • C^""^)] • deducting this quan- 
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tity from ^bc4f thtire wUl be aftjBj: the reduc- 
tions, a*c^>o:;:4rX(aS^S')r*[4flc+(|c'K 
(^>-i-|r))]x(r— «) the double of which will be 
the entire solid frustum sought.'' Here Mouz6 
leaves to the amateurs of calculations the task 
of finding a more simple method* 

^ It is easy to be convinced of the accuracy 
of this seeond formula by applying it to the case 
in which the two frustums form themselves 
into one; because there will be found for ttc 
expression of the solid that of the frustum of a 
cone, which has been mentioned jto be equal to 
V^ T^. Indeed, in this case, the segments S and 
S' becoming similar semi-circumferences, S' will 
be one fourth of S, as its radius is one half of 
the other ; therefore f r X (2 S— S^) will be ^ rx 
(2 S-^f S)=SXtV ^* 2Lnd as the an;ow a is then 
equal to the radius r, the second term— 4 ^€+ 
&c. will be nothing, as the multiplier r— « be- 
comes nought. There will then remain, for the' 
expression of the half solid SX-A-r;. now the 
semi-circumference S =Y" rr; then SXtV ^= 
-^^rrX-TT ^=41 r^9 the double of which will he 
-fif r^ for the fr4istu!ji ef th^Q^np* 

" According to theije principle^' tables havfe 
.|>fen calqulated, wJtii^b arp given after those for 
. iusulate^ chaml^ers. 
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MOUZE'S TABLE OF CHARGES > 

Mi 

For insulated Chambers, in a Soil requiring 12 Pounds of Pow- 
der per cubic Toise, to' produce a JPonnel having itt superior 
Diameter equal to twice the Line of least Resistance, 



Ltae of least re- 
sistaace. 


Charge. 


Use of loMt're- 
•istan€e. 


Cbai^e. 


Feet.- 


Pounds. 


Feet. 


Founds. 


6 


22 


21 


943 


7 


35 


22 


1084 


8^ 


52 


23 


1238 


9 


;4 


24 


1408 


10 


102 


25 


1591 


11 


135 ' 


26 


1790 


12 


176' 


27 


2005 


13 


224x 


28 


2235 


14 


279 


29 


2482 


15 


344 


30 


2750 


16 


417 


31 


3033 


17 


500 


32 


3337 


18 


594 


33 


3660 


19 


698 


34 


4002 


20 


815 , 


35 


4364 
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MOUZE'S TABLE OF CHARGES 

For two Chambers to act together/ from the Point where the 
Circumferences are Tangeilts to that where they become one 
and the same ; in a soil which requires 12 Pounds of Bow« 
der per cubic Toise, to produce a Funnel of which the dia- 
meter is equal to twice! the Line of least Benstaoce. . 



rmeof leaatre. 
sistaDce. 


Sm&U axis of the 
common ' solid, or 
the quantity of the 
radins by which the 
circles intersect 


Charge neccsary for 
the commoB solid. 


Ui.itod charge of 
the two chambors 
after dediictiog thai 
of the common ao' 
lid. 




each other. 






Feet. 


Kadius. 


lb. 


02. 


lb. , OS. 
"204 


/ 0' 










* 





14 


203 2 




oi 


1 


U 


202 5 




§ 


. 4 


14 


^m 2 


10... 


o| 


9 


13 


19* 3 


1 


25 


a 


178 8 




I i 


44 


8 


159 8 




1 4 


^7 


8 


146 8 




14 


74 





130 


\ 2 


102 





102 


/ 00 ^ 








352 




0* 


1 


10 


350 6 




1 


2 


14 


349 ^ 




1 


8 


7 


343 9 


12.,. 


04 


16 


15 


335 1 


1 


44 


4 


307 13 




1 i 


76 


7 


275 9 




1 i 


99 





253 




1 i 


127 


8 


224 8 




2 
\ 


176 





176 
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SistU nit of the 
comiooii Mlid, or 






Cnlted charge of iht 


Line of lent re- 


the quantitT of the 
radial byvhieh the 


Chaise necessary for 


two chambers after de< 


sistance. 


the common solid. 


ducting that of the 




circles interMct 






common aoUd. 




each other. 








Feet. 


Baditu. 


.lb. 


o«. 


lb. 0.. ^ 


/ 








688 




0* 


3 





685 




J 


5 


10 


662 6 




04 


16 


8 


^71 e 


95,.. 


Of 


33 


3 


654 IS 


1 


86 


7. 


601 9 




1 i 


150 





538 




1 * 


194 





494 




1 i 


2^ 


8 


438 8 


\ 2 Os 


344 





344 




( 








1188 


^ 1 


0* , 


5 


3 


1182 13 




0* 


9 


12 


1178 4 




04 


28 


8 


1159 B 


18... i 


oi 


57 


6 


1130 10 


1 


149 


8 


1038 8 




1 J 


258 





930 




1 4 


334 





854 




1 } 


430 





758 




\ 20 


594 





594 




( 00 








1630 . 




0* 


7 


2 


1622 14 




0| 


13 


5 


1616 11 




04 


39 


2 


1590 14 


m..i 


4 


78 


10 


1551 6 


1 


204 


13 


1425 3 


• 


1 J 


344 





1286 




1 4 


448 





1182 




1 i 


580 





1050 


j \ 26 


815 





815 
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Small axis of the 








common 80li(i» or 




Dnited charge of th( 


lioepf leMtre- 


the quantity .of the 


Charge necessary for 
the common solid. 




. sistauce. 


radias by which the 


ducting that of the 




circles < intenect 








each oth«r. 






Feet. 


Kadius. 


lb. oa. 


lb. oz. 


• '"' 


/ 

i 





2816 


V 


12 5 


2803 11 




oi 


23 I 


2792 15 




S 


07 9 


2749 7 


r%A J 


4 


135 15 


2680 J 
2462 


,24... ( ^ 5 


354 




1 i 


612 


2204 - 




1 i 


791 


2025 




1 -^ 


3,019 


1797 


^ - 2 


1408 


1408 



" SOLUTIONS OF SOME QUESTIONS HELATIVE. 
TO MINES, AS GIVEN BT MOU^fi"" IN HIS 
*TRAITE' DE FORTIFICATION SOUTERRAINE,' 
THIRD PART, SECOND CHAPTER. 

" But- before he begins the discussioii of 
these questions, he establishes, as a demon- 
strated truth or axiom, that if in time of peace 
a considerable project of mines be executed, 
the position of the principal galleries may soon 
be known to any one who wishes to be informed 
of them. Indeed the plans of mines, of any 
consequence, ancient as well as modern, and 
even those of proposed systems, are in the hands 
of every body, and it will be the same with rc- 
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gard to every new work; because It is always 
seceasary to intrust the design to so many per- 
sons^ tiiat the fidelity of all cannot be relied 
upon^ 

. '^ FIRST QUESTION. 

*' H^hether the defence by mines should be limited 
tp that of the covert way and of the body of 
the place? or should it be commenced beyond 
the foot of the glacis ? \ 

" The officers of miners who, since the csita- 
blishment of parallels and ricochetbatteries,have' 
given systems of mines for the defence of places, 
such as Valiere, Goalon, Delorme, Belidor, &c 
have limited thdr most distant dispositions from 
the place to 40 or. 50 toises from the saliants, . 
in order to retard the establishmept of the third 
parallel. 

*' Rugy was the first who projected, in his 
general plan of defence, to oppose the establish- 
ment df the batteries in the second parallel on ' 
the prolongation of the faces ; but his scheme 
not having been carried into execution at the 
school at Verdun, it is supposed that the au- 
thor's intention was to employ it only in cases 
where the ^ound could admit but of one posi- 
tion for the establishment of the batteriea^ of 
the second parallel j and that it W49 not then iu^ 
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tended to destroy the batteries, but to render 
their construction more difficult, by blowing up 
the only part of the ground where he «would 
construct them. It should then be considered 
as established by all those who are well versed 
in this branch of science, that the defence of 
places by mines ought td be limited to that of 
the glacis and covert- way. The best reason 
that can be given for this opinion is, that if a 
disposition of chambers be' carried much beyond 
the foot of the glacis, they would require to be 
supported by other dispositions of chambers on 
their rear, which must be very near to each 
Qther; because, should, thejenemy be informed 
of the extent of the advanced listners, he would 
not fail, on account of the distance he would 
then be at from the palisade, to carry on a por- 
tion of flying sap, and thus cut off these list- 
nersy within the first disposition of chambers, by 
which meana it would become useless: it would 
therefore betiecessary, as just al>ove mentioned, 
to support his disposition by others, which 
would not be impossible ; but at least it would 
be very expensive, and would not procure ad- 
vantages proportionate to the expense ; for the 
beweger will be sp much the more enterprising 
wheal further from the palisade* The subter- 
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raneous defence ought, therefore, Jo.be limited 
to that of the glacis of the covert-way, and to 
the body of the place*" 

" SECOND QUESTION. 

^* Ought galleries of enveb^e to be made under the 
glacis^ and even beyond it? , 

" Valiere, Delorme, &c. establiah one 'and 
feven two. galleries of envelope beyond the pali- 
sade with listners ; Goulon and Bugy Qmit 
them. Between these respectable authoritief a 
divisioB ought not to take place uatil after a dia* 
cussion. 

'* Those who establish one gallery of enve^ 
lope only, have for their object to facilitate th€i 
execution of the chambers of the second and 
third st^ge against the establishments of the 
enemy upon the crest of the glacis ; in this ca$e 
it may be placed at 10 or 12 toises from the 
i^eat of the glacis ; but those who would at the 
same time oppose the fofm^on of the third pa- 
rallel by the repeated effects of several stagM 
of mines establish a second envelope at 9 or 10 
tofises beyond a line drawn through the extre-r 
mities of the ridges of the glacis^ and bring the 
first envelope so much nearer as to be^t the 
^ame distance from this line i[ so that tii^ sap* 
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posed situation for the enemy's third parallel 
will be between the two envelopes. 

*^ Let us examine if this arrangement is cal- 
culated to impose upon a besieger aware of tlie 
position of the principal galleries. 

^' It must be allowed, in the first place, that 
envelopes do not in the least contribute to re- 
tard the advance of tbe besieger upon the capi- 
tals : he win arrive at their intersection as if 
they did not exist ; and if there are two enve- 
lopes, he may choose which suits him best to 
direct his parallel upon, taking care to ^tablish 
the shafts of his miners at each opening from 
this paraUtl^ so that, in the space of one night, 
.. the envelope"" may be attacked^by four brigades 
of miners, and destroyed at the points where it 
communicates with the listners at the saliants; 
while the besieged canuQt prevent him other* 
wise than by destroying it himself. If there is 
only one envelope made at 10 or 1*2 toises from 
the crest of, the glacis, with listners produced 
to the foot of the glacis; in this case the be- 
sieger may place his third parallel at 8 or 10 
toises behind the listners, and establish his mi- 
ners to act only upon the listners on tlieir side.' 
After this third parallel is m^ei and the sap 
advanced as far as the intersections of th^ en- 
yclope with the communications made tqwards 
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the capital, the besieger will direct upon this 
envelope, with the precautions already men- 
tioned, a fourth parallel, from whence he will 
attack the covert way : it may be conceived, 
that being once master of this envelope, and 
consequently of the inferior chambers of the 
besieged, he may easily render useless those of 
the first, and establish himself upon the crest of 
the glacis, without the necessity of getting [pos- 
session of the gallery of counterscarp. 

" There may still be added to what has just 
been mentioned against galleries of envelope, 
that presenting their flanks to the globes of 
compi'ession they may easily be destroyed, if 
they have not in front of them listners very 
much advanced, and sufficiently multiplied to 
stop at a distance, and in the whole extent of 
thC'groijnd, the besieger> miner in his work for 
establishing the globe of compression ; which 
would require a number of listners, so much the 
more considerable, in proportion as the envelope 
may be more remote from the covert- way, and 
would carry the subterraneous defence beyond 
the glaris. If the authors of envelopes had had 
a knowledge of, or had given credit to the ef- 
fect of the globes of compression and to the 
difficulties of guarding envelopes from their 
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effects, it is probable that this alone might have 
been sufficient to induce them to give up the 
practice. 

" Let us then conclude, that as it is easy for 
the besieger to become master of the envelopes^ 
the positions of which are always known, we 
ought without hesitation to adopt the opinion 
of Goulon and Rugy, who omitted them." 



" THIRD QUESTION. 



^^ To destroy the heads of the &sips upon th^ capi^ 
tals of the glacis^ aught a preference to be 
given to listners parallel to the capitalsj and 
serving as flanks to the chambers, rather than 
to those made under the capitals? 

" To resolve this question, the advantages 
and disadvantages on both sides should be ex- 
amined, balancing them against each other, and 
adopting that of the two positions, which may 
appear to be the least inconvenient. 

ADVANTAGES 01? LISTNERS PARALLEL TO TH? 
CAPITALS. 

" 1st. One of the greatest advantages of 
this disposition is the facility of establishing ^ 
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circulation ef air in the galleries, by giving 
them several openings into the ditch, and by 
joining their extremities by the' means of a 
transverse gallery. 

. Sdly. From this first advantage, it results 
that the listners may be prolonged at pleasure, 
and the' subterraneous defence may be com- 
menced as far off as may be thought proper. 

3dly. The listners may be made at such a 
distance from the capitals as to allow of a suffi- 
cient space between them for dispositions of 
chambers of three stages, which may be repeat- 
ed at pleasure. 

4thly. In establishing the chambers in the 
space comprehended between the listners and 
the transverse gallery at their extremities, the 
possession of the galleries is retained, as also the 
circulation of air, after their execution. 

^^ 5thly. Lastly the circulation of air facili- 
tates the clearing away of the smoke after the 
explosion of the mines. 

" DISADVANTAGE OF LISTNERS PARALLEL TO 
THE CAPITALS. 

"There appears to be only one; but it is 
such as to balance alt the before-mentioned ad- 
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vatttage^ : this i$ that these Ilstners^ placed 
upon the flanks and in front of the chambers, 
are. necessarily exposed to the attacks of the be- 
sieger's miner. Their position is either known 
to the besieger or not i in the first case, which 
must generally be admitted, he will avoid di- 
recting his saps between the listners, and will 
prefer advancing by double sap directly over 
them, in order to destroy th0m by his. miners, 
or tp force the besieged to destroy them him* 
self. In the second case, which can seldom oc- 
cur, the besieger will be exposed to the effect 
of the first mines : after which it must be ex^ 
pected that he will search the ground on each 
side of the capitals ; and if he then multiplies ^ 
his attacks, it may also be conceived that he 
will find out the direction of the galleries, after 
which this secoi^d case becomes similar to the 
first. 

^^ If it should be said that the besieger C9A-r 
not deviate from the capitals without exposing 
himself more to the fire of the place, 

" It may be answered, 1st, that if the fronts 
is subjected to ricochet, the fire of the place will ' 
be almost silenced when the besieger arrives ?it 
the foot of the glacis, and he may then, with"^ 
out additional danger, deviate 7 or 8 toises ffom 
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the capitals ( Sdly, that if the fire from the 
place cannot be silenced by ricochet^ the be- 
sieger will still prefer deviating from the capi- 
tals^ carrying on a deep and double sap well tra- 
versed, rather than proceed over ground full of 
chambers. 

^^ ADVAKTAOES QF LISTNBRS SITUATED UNDBR 
THE CAPITALS. 

" The only advantage of this disposition is, 
that the besieger cannot arrive at the listner un- 
til after being exposed to the full effects of the 
disposition of the chambers, established at the 
extremity. 

^* DISADVANTAGES OF THE LISTNER SITUATED 
UNDER THE CAPITALS. 

" 1st. The greatest disadvantage of this dis- 
position is, that in constructing 5ne gallery only 
there cannot be established a circulation of air. 

" 2dly. Whence it follows, that the begin- 
ning of the subterraneous defence cannot be 
made at a greater distance than 30 or 40 toises 
from the saliants. 

" Sdly? That more than one or two disposi- 
tions of chambers cannot be established along 
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the Ibtners, on account of its short distance 
from the saliants. 

" 4thly. Finally, a ventilator must always 
be employed for clearing the galleries from 
^moke. 

" It has been explained, that listners paral- 
lel to the capitals, and serving as flanks to the 
charabera, owe all their advantages to the circu- 
lation of air, which may be established; but that 
they are necessarily exposed to the attacks of 
the besieger's miner, and that they may be ren* 
dered useless, as well as the disposition of the 
chambers they contain, by an intelligent and 
active enemy, such as he must always be sup^ 
posed. 

*^ It haaf likewise been explained, that when 
the listners are under the capitals and composed 
of a single gallery, tiie besieger must expose 
himself to the effect of the chambers at their 
extremities before he can get at them ; but that 
the want of circulation of air renders it neces- 
sary to place these chambers at a short distance 
from the saliants, and to have recourse to the 
ventilator continually,- in order to clear the gal- 
lery from the smoke. 

" The question is then reduced to choose 
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between dispositions of chambers conveniently 
placed under several points of the ridges of the 
glacis; but of which the execution is very un- 
certain, and a single dispositi6n of chambers 
less convenient, but which cannot be avoided 
by the enemy; and seeing that it is natural to 
prefer what is certain to what is doubtful, the 
listners under the capitals are to be preferred : 
even not exfcepting the case where the bad qua- 
lity of the soil would prevent the besieger's mi- 
ner from beginning a gallery, as would happen 
to him under the glacis of the horn- work at the 
citadel at M etz, composed of quick-sand ; be- 
cause, in that kind of soil, it is impossible for 
the besieged to construct his listners otherwise 
than by the means of "a trench, and therefore 
their position cannot be unknown to strangers; 
for if he constructs them in peace, or long be- 
fore a siege, the work will be known by every 
body ; and if he constructs them a short time 
before a siege, their directions will remain 
traced by the remblai. 

" The foregoing investsigation of the ques* 
tion upon listners leads naturally to these con- 
clusions/ 

" I, That the practice ought to be rejected 
of estajblishing galleries, whether listners or 
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tranversals, upon the flanks, or in front of a dis^* 
position of chamber^, because they lose all their 
advantages for proceeding with the branches, 
and their free circulation of air, by the danger 
to which they are constantly exposed of being 
destroyed before the explosion of the chambers 
they comprehend. 

"2. That^ as the different communications 
of a plac^ to the out- works ought to be secured 
and protected by them, so the galleries, which 
are the communications of the miners to their 
chambers, ought always to be defended by them; 
consequently any disposition of mines ought t<r 
be in front of the galleries jeading to them. 

" 3. Whence it follows that, to' destroy the 
heads of the saps, the same gallery should never 
lead to more than one disposition, and if there 
are several to be established under the glaqis, 
they should have each their galleries of commu- 
nication independent of one another, in order to 
insure their success in all cases% 

*' 4. That if ^he first disposition of cham- 
bers against the saps is required to be distant 
from the saliantS) ^nd if to get at it, as well as to 
have a circulation of air, it should be necessary 
to construct two galleries parallel or inclined; 
in this case thes«^two galleries may be ipade very 



Digitized by 



Google 



OK MIWKS. 161 

each other, or even contiguous whh a common 
^ien This last construction, by establishing a 
circulation of air, would give to the listncr un- 
der the capital all the advantages of those made 
parallel and more or less distant from each 
other, without having their inconveniencies^ 
and the first disposition of chambers may then 
be pushed as much in front of the saliants as 
may be thought proper, without being prejudi- 
cial to the establishment of other dispositions o£ 
chambers, between this first and the saliant^, 
other galleries being made for these, for com- 
munioation.'^ 

/• • . 

*' FOURTH QUESTION. 

" Which is the best' siination to be given to the 
gallery of counterscarp? ought its openings ^ 

' into the ditch to be multiplied? ought they to 
be suppressed during the siege^ and in this casi^ 
what are the means of replacing them? 

*'^ The gallery of counterscarp by some has 
been made close to the ^mqk of the rev6tement'» 
of the counterscarp, by others under the middle 
6i the terreplein, and, in shorty by others under 
the banquette ofther covert-way.; iWjlaidi; of ; 
these situatioi^s ought. to be preferred? -Hiis is 

u 
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aa object wbicfa may ht looked upon as essen- 
tial to be disevisscid. 

. f' It is ineontestalble, that a place is at the 
last.extremity; vhen the breaching batteries are 
established; the greatest efForts of the mines of 
the besieged should liietefore be to oppose their 
establis^hmeiit, and the gallery of counterscarp 
ought to be situated in such a manner as to be 
able to ^destroy the besieger's batteries either 
upon the crest or upon the terreplein of the 
covert-M^ay. Placing it at the middle of the 
breadth of the terreplein, is to deprive one's self 
of the means of destroying the batteries which 
are often established there, except by the sacri- 
fice of the gallery and by that of the counter- 
scarp; experience has proved, by the polygon at 
Verdun, that when placed under the banquette 
it is too near to the points on each side of it 
where the enemy can establish his battery to 
allow of a disposition of chambers, 

*^ The best situation then is to construct it at 
the back of the revfitement of the coutiterscarp. 
The objection Against this last position is, thaf 
the besieger will meet it, when making the de- 
scent mito the diich. Withdiit doubt he wilf 
then- meet it; but he will not attempt this de- 
scent beforo'he haa made himself master ctf the 
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.covert-way, and disposed his breaching-batteries^ 
either upon the crest of the glacis, or on the 
terreplein of the covert-way ; and if, as has been 
just mentioned, the gallery close to the coun** 
terscarp allows of opposing this establishment 
a3, much as possible; if to get at it, the be* 
sieger's miner is obliged to take the longi^t 
road, it is evident tiat this gallery will an- 
swer its whole purpose. Consequently this gaU 
lery should be made at the back of the revfite* 
ment of the counterscarp, by which there will 
also be obtained the advantage of saving nearly 
one third in the construction, together with thfe 
facility of establishing, if judged proper, a loop- 
holed lodgement for musquetry in the circular 
parts. 

'^ There cannot be too many openings mad# 
from the gallery of counterscarp into the ditch 
to communicate easily and speedily at the be^ 
ginning of a siege, with the works which are 
then going on under the different points at- 
tacked ; but when ,thie enemy begins to gf^ 
near the covert-way, and his fire is well esta- 
blished, all the openings in the front attacked 
ought to be walled up to prevent surprise, aqd, 
in this case, the communication to the different 

- m2 
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points of the attack must be made through the, 
' openings at the extremities of the front attack- 
ed. But these, long distances occasioning very, 
often a loss of time which may be precious, and 
causing delays in brkiging forward articles, the 
want of which may not have been foreseen, 
some galleries of communication with the body 
of the place should' be constructed under the. 
ditch, when the ground permits: these galleries. . 
only to be used when the ditch is impracticable, 
and to be covered with earth in the form of a^ 
glacis, to secure them from the effect of shells. 
The' fciost favourable situation for these galle- 
ries will be at the gorge of the re-entering 
places of arms, where their entrance into the 
gallery of counterscarp might be protected by a 
lodgement; they should communicate under 
the ditch to the shoulders of the bastions, and 
from thence into the interior of the place. 
These galleries would render the besieged al- 
ways master of the origin of his mines, and 
would facilitate a speedy communication with . 
the attacks. Lastly, should* the besieged.be 
forced to abandon his gallery of counterscarp, 
he will always be able to destroy the communi- 
cation under the ditch when retiring." 
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" FIFTH QUESTION. 



*^ In .a system of mines should the galleries and 

' branches Be constructed before they are 

- ^ wantedf that is to say;fn time of peace^ or a 

Uffig while previous to a sieged 

< • 

'*The besieger having a great adygya tag© 
\vhen he knows the position of the galleries, as 
he may either avoid them or come upon them, 
it follows that it would be desirable to expose 
to his knowledge only those galleries the situa- 
tion bf which may be known without inconve- 
iiiency, such ^s those in the interior of the 
A^^drks, the transversal^ under |;he ditch, the 
gkllery of counterscarp, and some listners 
thrown forward ; but placed so as to enter into 
the general plau qf defence, which would be 
adopted: but in this case jt is; necessary to be ' 
certain of having at the beginuipg of the war, 
or before the siege, the necessary time and 
pieans tq put into executiop what remains to be 
done before the arrival of the besieger upoii the 
glacis : this would require a strong detachment 
of miners in the place, and a large supply of ma- 
terials, which cannqt always be expected . upon 
the same spot at the beginning of a war, when 
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the government has to equip all the fortified 
places. It >^ill therefore be more prudent to 
construct the greater part of the galleries before 
hand, taking all possible precautions to conceal 
the knowledge pf them from the enemy : but 
in no instance whab^ver should the half galler 
ries of communication or the dispositiop of 
chambers be constructed in peac^ time^^ or long 
befoje a siege.'-' 

.,>f' SIXTH QpESTIOX, 

*• Should the branches destined for a subterrmieous 
defence be constructed before the besieger. «r- 
rives upon the glacis, or should the establish-. . 
ing of the sap there he waited for previous- to, 
proceeding under it. , 

" If the soil under the glacis is of a bad qua- 
lity, that is to say, difficult to work in, then 
it is evident that the branches should be pre- 
pared before the arrival' of the besieger upon the 
ground, as in this supposition it would not be 
the time to be employed about them, when the 
enemy's sip was over head. We must therefore 
examine the question with regard to good soils, 
which are easily worked, and in this ^xamiiia-? 
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tion it will be right to find out wMt nfay lie the 
advantages and the disadv&ntagei on* €ach 
side. ' 



*^ CONSTRUCTIOlir OP THE BRANCHES WH£N THE 
ENEMY IS UPON THE GLACIS. 

"In this method olf proceteding there toems 
to be only one advantage, that of saving Bome 
small portions of branches ; and iri every other 
respect it appears disadvantageonsl' - 

"1. Being frequently liable to miss the ob- 
ject proposed to reach; because' Notwithstand- 
ing the points eistablished for knowing that the 
enemy has got to such a distance from the 
6overt*way how much be deviates from the ca- 
pital ; it must be confessed that, on such ocoa* 
sions, mistakes may easily be committed in es- 
timating the distanceSj and by joining such an 
eti'^r -to that which may b6 made in applying 
to the galleries the lengths and the angles mea- 
sured on the general plan, there will be more 
than sufficient to cause A failure as to reaching 
the object rec^uired^ which h^s happened in se- 
veral sieges, and will still happen in others. 

^? 2. The ground being as good for the be- 
sieger as for the besieged, it is evident, that if 
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the Sk$t should suspiect any defensive iiiine$< 
his miner wi;U, at an early period, begin a gal- 
lery and advance to meet the miner of the. be- 
sieged, in order to estabUsh a subterraneous war, 
which will soon terminate, having the advan- 
tage of the besieged in being able to annoy him 
greatly by globes of compression at much 
greater disfliances than thos^ ^rhieh would suit 
the defeOce^ . . 

<^ 3. If, the arrival of the enemy at any 
point is waited far previous to preparing the 
means of destroying his works by mines,' the 
heads of:the saps may pass the .mines of th;e43e^ 
sieged; andfia this case chambers, howevex well 
directed, whe^'eb^ehi^d these heads of saps, will . 
certainly be. less hurtful to the. enemy th^if 
their effects had been brought to bear exaqUy 
upon tile spot. where he is at w^ork. 

" 4. And. lastly, his method of proceeding 
must necessarily be at random apd without any 
fixed plan of defence. 

" CONSTRUCTTO^ OF THE BRANCHES BEFORE 
THE ENEMY IS ARRJIVED U^ON THE GLACIS. 

" The only \v:ell-'foUnded objection which 
can Ibe made against the§e cqnfiitractions is^ that 



Digitized by 



Google 



ON MlTSZt. 169 

tbe road the enemy may take beilbg. mmk 
tain, all the chambers prepared before hand <viU 
ndt be etDploy«dj and.consfqueutlyla part of the 
branches will become uselessi 6«it altboagfa 
this may he Cme in a degree, y^et, if all the 
chambers \rhich have been prepared cannot act 
upon the works of the enemy above ground, at 
least their branches may serve to oppose his^ub* 
terraneous works, by facilitating the means of 
meeting his. miner. But in admitting the absq* 
lute useiessness of a part of these branches, it 
remains, to consider whether the number of act 
vantages resulting from this disposition dpes not 
greatly overbalance this small inconveniencfe 
and it occasions but a slight increase of ex- 
pense. 

. *' 1st. When prepared before hand und^r all 
the points of the line the enemy has to cruss^* 
the extent of which may be ascertained from 
the tracing and relief of the front attacked^ it 
is intpossible for him to pass with impunity ; 
because the miner placed in the listners at the 
end of one of the first branches, will give notice 
when the enemy is above or near him; so that 
a suitable mine may be exploded without fail, 
and that at the instant when the sapper will be 
at work directly above it, since, at four or five 
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famm nottoe, the bead of ibfae sap mx^r^be 
blown 'Uf«'i(' ••'■•■ • ■; "• • -r '.(t • » 
, ^': *^ :2tily, i In arranging before band: tiie gsdle^ 
Ilea and branches which may be thought hec^is* 
$ary to op^os;e the Works of the besieger, ad 
W€lt^bove ground as below, all pbli^ible supe* 
tioFity will, without doubt, be gained over hfis 
millet, being able silently to prepare at the ex* 
ttemities of the listners and branches every 
mei^ns of stopping him in his progress. 

** 3dly» And lastly, the dispositioiis being 
prftp^red according td a fixed plan of defence^ 
the enemy may be stopped a great while lotiger 
upon the same point, by the successive effects 
of different stages, an advantage which could 
not be procured without much difficulty, if 
obliged to wait for the enemy, in order to |)lace 
some chambers at:random to oppose his works, * 

>f It may therefore be concluded, that the 
branches aught to be prepared before the be*? 
sieger arrives upon the glacis,'* 

DEVALIER*S SYSTEM OF THREE STAGES OF 
MINES. 

De Valier has proposed three stages of 
mines; the chambers on the line CD, PI. Kh 
£g. r, represent those of the first stage; thp^e 
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on the line' IK the second sage^ zud thqAe^vt^ 
the line L N the third stage. The chambers of 
the fifat stagjB ^c to be placed at a^ depth of 10 
feet below t^e surface qf the glacia, and l^Teet 
frpm its cyc^t, so that fifter being.isptuiijj the 
^dge of the fuqmjl na^y be at 8 feet froiiiit: 
4:his precaution is necessary: 'to be observed^ bo?- 
cause the eaftb towards the covert* way being 
Joosed by th^ eflfect of the mines of the first 
^tage, tho3ie of the second aoid of the third, find- 
ing l^ss resjstarice on that side, will produc^/H 
greater effect in that direction^ and tx>nse^ 
cj^uently p^c^sipn an opening in the covert^ 

¥.a^/ ^ . . .•' \. • ' • '' ' 

To constf net these defensive mine$/the pro^ 
file of the glacis is first to be described; whe^ 
ther its surface be iqcjined towards the country 
as ii^ fig. 2, or towards the place, as. in fig;' 3'. 
As we have supposed the line of least resiistance 
for the mines of the first stage to be 10 feet^, 
^nd their chambers to-be placed at the distance 
of 18 feet from the crest of the glacis. Take 
ab equal to 8 fqet, and be equal to 10 feet; 
from the ppint c draw cf perpendicular to the 
surface of tlje glacis ai and equal to be; through 
f draw an indefinite line b h, ' which will form 
'jyith the line a i an angle h hi equq^l to 45 de- 
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^ees* Then a section of the glacis being made, 
jaccording tx) the inclination of this line, it will 
o^present al surface, on which the Several stages 
of th^ chambers ^re to be described. 

{)raW[an indefinite line AB, fig. 1, whrch 
will be therdirectrng lineof the plane of the 
chambers of the three stages: parallel to AB 
^raw CD at a distance equal to b f, fig. 2, or 3; 
on theline C D set off a length of 10 feet as 
4Bany. times less one as there are chambers^re- 
^uifed foff.this first stage. On EF describe with 
c f the isosceles triangle EGF; through G draw 
IK parallel to CD, on which the chambers 
I,G, &c. of the second stage are to be placed 
opposite the middies of the intervals between 
every other two chambers of the first stage. 

from G draw GH perpendi<iular to EPj 
mjake f.g equal to GiH; through g drawgd 
parallel to f c, or perpendicular to hi, and gd 
will be;the length of the line pf least resistance. 

OnIG describe with gd, the isosceles tri- 
angle I LG; through L drjaw LN parallel io 
I K, on which the chambers L and N of the 
third stage are situated opposite the middles 
of the intervals between every other two cham-* 
bcrs of the second stage. 

From L draw aline LM perpendicular to 
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IG, make gh equal toLM; through h draw 
he parallel to gd, or perpendicular to bi, and 
h e /will be the line of least resistance/ or the . 
depth at which the chambers of the third stage . 
are to be placed. 

To proceed with accuracy in the construe- 
lion of^ this system. The situations of the 
chambers of the second and third stage being 
determined by construction, their lines of least 
resistance, when measured from a scale, will not 
be of sufficient accuracy; it will therefore be . 
better to find them by calculation. Now in the 
rectangled triangle b c f, fig, 2 and 3, in which 
the sides be, cf, forming the right angle> are 
each equal to 10 feet, the hypothenuse f b will 
be v^bc*+cr=bf=U,14 feet. 

In the right-angled triangle CPI; PP= 
Cr-CP^=100-^ 2^=75 and PI=4/7d'=8,66 
feet; but as by construction fgssIP, fg will 
be equal to 8,66 feet, which being added to f b 
= 14, 14 feet will give b g= 22,76 feet. But in 
the right-angled triangle b d g, b g*=b d* +g d*, 
then as b<i is equal to g d we shall have b g'a= 
.2gd*, or Jbg*=aEgd* then, taking bg=22,7€ ' 

we shall have hg*=513,7 and gd*=256>8, the 
square root of which is l6,09 feet for theleiigth 
<^f gd, the l^ne of least resistance. 
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To find he^ the line 6f least resistance of 
the third stage of chambers. Ih the right- 
* angled^ triangle IML, LM*=IL*-.I MV; hiit 
as IL is known being equal to gd by con- 
struction, which is the line of least resistance 
of the second stage or 16,€9 feet; IM is like- 
wise known, being' equal to the distance be- 
tween twt> of the chambers of the first stage,' 
\yhicli is'lO feet^ then by taking the^ square of' 
1^09 i'^^t, which is 258,88, as also that of 10, 
which is lOOj and subtracting this from the for- 
mer 24(8)68, the difference will be 158,88, the 
squai^e root of which is 12,60; consequently 
LM or gh= 12,60 feet, which hieing added to 
gb=s:2S,76 will give bh=: 35,36 feet; the square 
of this is 1250,32ft and its half 625,1648, the 
square rodt of which gives 25 ftet nearly for 
the. linei of least resistance he. > 

The communications to the chanibers of the 
several stages as ];6pre$entod in the profile, fig. 
4, are made from the main gallery A. Those 
C E, G D communidating, with, the chambers 
£ and P, of the first and second stages, on ac* 
cornit of th^ir situation, have a great sloptv not- 
withstanding the increased lengths of the 
brtittches occasioned By their returns FE, fig. S; 
thfey (^ta thetef ore bfe made only by stjlirs, paV* 
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ticttlarty those communicating with the cham* 
bers £,£, i&c. of the first stage, which would 
otherwise have too great an acfclivity ft>r the 
mihefs to profceed with their work. - This diffi* 
culty tnay, however, be removed, by the meani 
Gormontaingne proposes ; this is to Commtmi* 
cate to the chambers of ^ the first stage, front 
o]peniDgs made in I towards the top of the 
counterscarp, fig. 4 and 5, or to sink a shaft H 
in the terreplciii of the go vert- way, of about 7 
or 8 feet deep, and 4 feet square, whence a gal- 
• lery K L is to be mkde parallel to the crest of the 
glacis,^ of about 3 feet wide and 3 feet 6 inches^ 
high ; frohi which the miners may proceed with 
more facility in the constmction of thebranchefit 
towards those chambers. 

The object of this system is to destfoy^, by 
tl>c means of the first stage of chambers^ the 
besieger's crowning of the covert-way, where 
they are to erect their batteries. Thechniif^^ 
bers of the first stage having prdduc^. theif 
effect, the besi^gei^s will not give up their inten- 
tion, and cOiisequetotly will be obliged to fill ujy 
tiie excavation/ inf order to be ahte to pkci^tlbcir 
gcois; which 'being done, and ready tofir^, will 
be blown up by the chambers of the second 
«tagte; indW'Ae^ earth of the firalt excavation 
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has. lost is tenacity, the effect will beprodiiced 
in. that direction, and consequently thi^ow th^^ 
guns, towards the place. Then should the be- 
siegers return to the same place, to .re*e^tablislx 
their bartterieis^ supposing the mines to be ex-, 
hausted, they will be obliged to fill the excava- 
tion to obtain a situation for their artillery aS; 
before^ and which the chambers of tlie thir4> 
stage will blow up again, producing such a large 
fimnel as to render it impossible fpr the besieg- 
ers to fill them. 

There is a great defect in this system, which, 
is, that all the chambers of the several stages 
must be loaded and stopped, before those^^of the^ 
first stage are fired, or ^otherwise they would 
burst the cpmmunications to the others: besides, 
should the ground be moist, and the chambers 
remain loaded for a considerable time, the po^r 
der would be exposed to be damaged. Also, 
the communications to the ch^nbers being step- 
pe, the besieged will not be able to use thc^f 
as listners, so as to hear the enemy's miner ac^) 
^aiiciug, and to cut him off; and who ^iU tb^u. 
be able, after the ctt&mbers of tbe first stage; 
bav^been fired, to proceed xxx any. difection. 
without fear, knowing that jgio otl>ef chaiiibec^. 
will bi7 fired, until the batteries are erected and 
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the gttns brought to them ; consequently he wiU 
be able to place, without interruption, an ov<r^ 
loaded chamber M^ fig« 4^ at about the sane 
depth as those of the third stage. This he wiU 
perform with the greater certainty of not being 
exposed,: as while the gallery N is carrying on 
and the chamber placed, a show of great dili^ 
gence is made for re-establishing the batteriesi 
By this means the besiegers may be able to blow 
up at once, all die neighbouring chambers, and 
perhaps^ at the same time, open the covert-\vay^ 
or even the t^unterscarpir ' Indeed, u hen there 
is a gallery of envelope and Hstners made at 
proper di.i^nces from each other, as also branches 
cm*ried on i^Oin the communications between 
the main gallery atid that of envelope, it will be 
difficult for the benieger^d miner to advance to* 
wiards this disposition of the chambers, as has 
been shown in PI. 8^ fig. 1. 

De VaUere^ in the disposition of his cham'* 
bers^ in his system of &ree stages, qonsidering 
them as insulated r^tangular mines, has regu«^ 
kted thiiir charges accordingly, and as appears 
from his tables^ without considering that full 
charges should nevcir be cQiployed for the cham^ 
hers of a second staj^; because the resistance 
of the giound being already overcome by the 
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iLCtion of the first stage, those of the second re^ 
quire less to produce their effect, whicfi is only 
required in the direction of the first funnels. 
The same ought to be observed for the charges 
of the chambers of the third stage, respecting 

. the excavations . made by those of the second. 
Besides this, as each of de Valiere's tShree stages 
consist of a line of combined chambers, in which 
the great circles of those of the first stage in- 
tersect each other equal to their Adii ; those of 
the second. stage equal to i of their radii; and 
those of the third equal to ^ of their radii; their 
charges ought in consequence^ from what has 
been above explained in the disposition of cham- 
bers amongst each other, to be proportioned ac* 
cordingly, and as given in Mouz^'s tables. 

Belidor, in an experiment he made at la 
Fere, in 1739, has shown a method of destroy- 
ing the crowning of the covert* way, and of 
blonting up the besieger's batteries erected upon 

; the glacis. For which ' purpose a breaching^ 
l^ttety, PL IS, fig. 3 and 4^ of two S4*pounders 
having been constructed, a gallery was made 
from the covert- way, of 20 feet long, whenci^ 
two branches bd, b c, fig'. 4, were carried on of 
7 ftetin length, includmjg their returns ; at the 
extreiiiities of which ci»mbers h and i were 
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made, having a line of 6 feet leafit resiatance and 
perpendicularljr below the axle-tree of each 
piece. The gallery a b was there continued to 
the length of 7 feet, forming a declivity of 3,8 
inches per foot; whence two . other branches 
ef, teg were carried on in the same masiter ail 
the former, so as to place two chambers k and 1 
at the depth of 10 feet, and at the same distance^ 
from those of h and i, taken horizontally. . 

The first chambers i and h were each loaded 
with 20 pounds of powder, and the large chain-> 
bers k and 1 ^Vith 600 pounds of powder each. 
The saucissons communicating the fire to the 
ifirst chambers i and h were made about 3 feet 
.shorter' than those of the large chambers k and 
1, in order that these latter might not explode 
till the tenacity of the earth was destroyed by 
the effect of the first, and consequently that 
they might act with a greater force on that side. 
These mines being fired, the gun:^ were raised 
to the height of about 40 toises, and fell into 
the ditch at the distance of 3p toises from tte 
battery. 

^ A similar experiment was made at Verdun 
in 1760, also directed by Belidor, then chief 
commander of the corps of miners, whete two 
.24-pounders were blown up towards a ravelin, 

N 2 , 
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ftupposed to be attadked^ The small chambers 
were placed at the depth of 6 feet^ and loaded 
with SO pounds of powder each; the large 
chambers were placed 34 feet from the cre^t of 
the glacis, and about 1 foot 6 inches behind the 
breech of the piece, having a line of 10 feet least 
resistancCi and were loaded with S50 pounds of 
powder each* The proportioning of the fires for 
the four chambers was made in such a manner 
as to act at the same time. Tlie piecea were 
thrown into the covert*way, at the distance of 
38 feet from the battery ; one of the carriages 
was' thrown into the ditch, and a wheel as far z^ 
theescairpof the rayelin. The excavation was 
about 44 feet long^ 32 feet broad, and between 
8 and 9 feet deep. 

In this second experiment, in which the 
large chambers were each loaded with 3,50 
pounds of powder, by which the guns have like- 
wise been thrown towards the place, as in the 
former experiment, not indeed to the same 
height, nor to the same distance from the bat- 
tery, has however answered the same purpose, 
as the object is to deprive the be»eger of his 
ca;AnaD, and to oblige him to bring up other 
l^ieces. Betides the charge of Q5D pounds of 
powder placed at the depth of 10 feet, will form 
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a funnel having its radius at the plane of explo- 
sion equal to 11,6 feet; consequently the large 
chambers being situated e4 feet firo'm the cres^t 
of the glacis, their action cannot produce any 
effect upon it; whereas, in the first experi- 
ment, the charge of powder for each of the 
large chambers of the saine line 10 feet least re- 
sistance being 600 pounds of powder, and the r^ 
dius of the plane of explosion SS,8 feet, they may 
cause the parapet of the covert-way to be da* 
maged ; particularly as the small chambers havi 
produced their effect a few seconds before the 
explosion of the large chambers, these will act 
with a greater force in that direction. 

It is likewise to be observed, that the quan- 
tity of powder required for the four chambers 
under the two pieces, in the ^ first experiment 
being 4 S40 pounds; and that required for the 
four chambers in the second experiment being 
only 56o pounds, the difference will be 680 
pounds of powder. But should the battery 
con^sist of six pieces, theiirst case would require 
a040 pounds of powder more than the second; 
and for twelve breaching and counter-batteries, 
$4480 pounds more of powder would be re- 
quired; which being a useless consumption 
should be taken into consideration, especially 
in the defence of a place. 
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HSI^EOD OF KAKIKO BREACHES BT THE MEANS 
OF MINES. 

f , ' ' ' . 

. Suppose, for example, it were required 
to form a breach ait the saliant angle S. An 
epaulement is made across the ditch with 
gabions, froni the opening at the counterscarps 
Having arrived at thecevfetementpf theescsirpy 
the miners make, an epaulement on, that sidn 
fr0m which they may be seen, with sancl-bag^ 
piled one upon^anoth^r; they afterwai^ds covey 
themselves with s^trong timber pjaced against 
the escarp, upon which sand-bags are laid, so as 
to shelter them fton\ the shelly the besieged roll 
over the parapet, aUo from grenades, -fire- work, 
&Ci which being done the miners begin to make 
an opening in the walj. 

, The .four chambers F, G, H, I, PL 12, fig. 
3, are placed in a line with the. tails of the 
counter-forts, and in such a manner that tKe 
three distances F G, G H, HI, from one cham* 
her to another may be 30 feet. The chambers 
A and B advance4 into the earth, are to render 
the slope of ^ the breach more practic^ibje, and 
will, at the same time, remove the earth along 
the top C, C, fig- 3 . and 4 of the breach. 
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where galiions for the first lodgement are plac^; 
t})ey a^so presierye this lodgement fro^n the ef- 
fect of any chambers the bes^ged might haire 
made to blow it up. The^se chambers are car-: 
ried to the distance of 15 feet beyond the cham* 
ber^ T^ T| so that their situation is nearly un- 
der the crest D £ of the parapet . 

The proportioning of the fires^must be iso 
combined; that th^ chs^mbers A and B may act 
ope QT two seconds after those F, G, H, I, which, 
is accomplished by makipg th^ lengths of their 
saucissons about |^ or 10 inches different. £&-: 
pert andidiligent miners will perform this work^ 
i^n three days; that is, one day for making the 
opening in the rev^tement and the branch K L; 
one day for making the branches LF| L6, and 
LA; and one day for loading the mines and 
stoppiAg them up ; so that at th^ beginning of 
the fourth night, the flanked angle of the work 
may be blown up to form a lodgement in it, 
except the work should be accidentally* re- 
tarded; but it would be owing to great neg- 
ligence if not. performed in four days. 

It is tp be observed, from what has been 
stated above, that from the beginning of the 
descent into the ditch to the lodgment upon 
^ work eight days are required. Thecffect of 
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jwines being always uncertain, the method of 
fbrmihg thc^ breach with cannon ought Xxjf be 
bsed> as being more certain and expeditious; 
foi* the day after the crowning of x)}e covert- 
way is completed, the constriK!tion of the 
breaching^hatteries is begun, and twaor three 
days at most are sufficient to have theto ready 
for service, and two days more will be sufficient 
for f )rming the breach, the descent of the 
ditch being made at the samp time; the assault 
may therefore take place in about half the time 
required by the method of mine$. Jt may thes^ 
fore be concluded, that mines ffhoulcj never be 
used without a necessity for making a )>readh 
in the revfetement of a work. 

With regard to the charges of the aboyer 
mentioned mines, it should be observed, 

1. That the distance QR, fig. 4, i# to be 
equal to half the height Q S of the profile. 

4. That dimension (which is here supposed 
to be 14 feet) should be considered as the line 
of least resistance, 

3. Then, if from the cube of this line of least 
resistance the last or right-hand figure be cut 
off, the remainder will be the charge for the 
chambers, to produce the most-^dvantagetous 
effect for forming a breach of an easy ascent^ 
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for the troops in the attack, and for 'the work- 
nUsa to form a lodgment at the top of the breach. 
Consequently, in the present example, the cube 
of 14 being ^744, by cutting off the last figure, 
the remainder 374 will be the quantity of pow- 
der in pounds for the charge of each chamber. 

This charge of powder may be increased at 
the risk of some inconvenience, but cannot be 
diminished without entirely renouncing the ob- 
ject for which the mines were made; as there is 
nothing but the powder to depend upon, for 
bringing down the wall and the earth which is 
to form the ramp. ^ 

The most celebrated authors who have writ- 
ten upon subterraneous war, and who have pro- 
|K>ted systems of defensive mines, are, Goulon, 
de Valiere, Belidor, Cormontaingne, and Rugy; 
amongst the late author^, are distinguished, Le 
Febvre, Etienne, M0U26, and Mareseot The 
jnumerous memorials by Moxkzk and Mare&cot 
contain new discoveries and principles upon 
which the practical theory of the art of mining 
is established upon a more certain basisj and 
i^endered easy of applicatiou. 

One of the ^fst systems of defensive mines 
is that by Goulon ; it consists of a gallery of 
counterscarp, made und?r the terreplein of the 
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cove^-way, wh^ce listening-gallerie9 are car-r 
lied on 3^s far as the bottom of the glacis; o|* 
galleries ma^e under the ditch^ parallel to the 
taces of t^ie bastions and to those of t^e rave-r 
lins, whence galleries are made to communicate 
with that of the counterscarp; and of galleries 
of escarpi made at the back of th^ rev^tement 
of the faces of the bastions and of thQ3e of the 
rayelin, the bottom of which beipg on a level 
with that of the ditch/ the copimunications tp 
thi^npL are made from the terreplein of tlie ramr 
part, by m^a^s of circylar stair- ca^es. Th^ 
plan of defensive mines, which he gave in l^if 
memoires, accompanied with a very brief note^ 
suffices however tb show, that Goulon limited 
his defence to that of the covert- way. The pq? : 
sitions of the listners made from the gallery of 
counterscarp prolonged to the bottom of th^ 
glacis, are situated at such a distance from each 
other, as shows that he was aware of th? importT 
an.ce of rendering the chambers independent of 
each other; and it may likewise be seen^ that 
he has not ,< admitted the gallery of envelope* v 
But the bad situation he gives to the gallery of 
counterscarp, and the length of his listners^ in 
which there is no circulation of. air, forms a 
very w<?ak system, and which cannot at pi^fnt 
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be jktioptefl for a front subinitted to the ricoT 
chet, and which offers no means to oppose th? 
work of the besieger's miner, after the covert- 
way has been taken by a forced attack. 

The system attributed to de Valiere is comf 
posed of a main gallery, made under the terre- 
plein of the covert-way, of two galleries of e^pir 
velope, distant from the saliants the one 1^ 
toises and the other of 50 toises, also of galle* 
ries of communication ; of which some are unr 
der the capitals of the re-cintering places of arms 
and the others parallel to the capitals of the sa« 
liants, at the distance of 10 toises. According 
to this dispositidn, de Valiere forms under the 
glacis a sp^ce surrounded by galleries, which is 
about 20 toises square, and in which he esta* 
blishes chambers of several stages. What has 
,been mentioned in the solution of some ques- 
tions upon mines (question second) sufficiently 
proves the insufficiency of this system; the 
envelopes of which are easily attacked and 
ruined by the enemy, and which also involves 
the loss of the chambers, before it is possible to 
Use them. 

Belidor has proposed another system; he 
places the main gallery, or gallery of counter- 
scarp, under the terreplein of the , covert-way, 
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and ar gallery of envelope at the bottom of the 
glacis; but the first is 9 feet above the second. 
* The galleries of communication are made from 
the envelope to the ditoh, and passing under 
the main gallery. Listners are made from the 
envelope to cover it This system has the ad- 
vantage over the others, on account of the list- 
ners covering the eHvelope, which renders their 
attack more difficult; but this attack once rea- 
lized, the whole of the remainder presents only 
a weak resistance. 

All the memoirs upon mines by Cormon* 
taingne, suppose longitudinal and transversal 
galleries, forming spaces of about 40 or 50 yards 
square, under which he makes a disposition of 
chambers of several stajgps, iu or^er iQ overturn 
the ground so often, that thp execution of such 
a project would rencl^sr the exterior approaches 
of the besiegers absolutely impossiblct l^hc 
present attack made by mpans of oypr-lpaded 
mines does not respect the appearance of these 
formidable preparations, and encompassed by 
transversal galleries, which the besieger attacks 
in flank, before he exposes himself to the action 
of this combination of chambers. 

Of all the systems of defensive mines that 
have been proposed, not one has rigorously been 
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carried into execution. But Delonne, of the 
French miners, has developed under the glacis 
of the double crown work of Belle Croix at 
Metz an immense system of galleries^ of whi^h 
he has not made known their use and peculiar 
qualities; these galleries form a square sp^ce, 
of which the sides are each 30 toises; very 
likely relative to a disposition of chambers of^ 
several stages, disposed according to the ideas 
of Cormontaingne. All this complicated scaf- 
folding of expensive galleries is by no means 
combined with the rules 6f attack, which may 
take such directions as to be difficult for the 
besieged miner to retard the approach much ; 
besides the globes of compression would have 
the most powerful effects^upon such a system. . 
Rugy, commandant of miners, of the French 
service, has executed at Verdun a more ^om^ 
plete and better combined system of defensive 
min^. He has omitted the envelopes^ employ- 
ed by de Valiere, Cormontaingne, Belidor, and 
Deiorme, and followed the method of Goulon. 
His system, the composition of which i^ simpk;, . 
consists of a main galleiy at the back of the re- 
vAtement of the counterscarp of listners, and of 
transversals which communicate with the fol- 
loM'ing dispoisition of chambers; 1. A dispWi- 
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tion kgaintt thd hdwitzer batteries in the third 
parallel; 2, two di&positions of three stages 
each under the capitalist 3, a disposition under 
the cavaliers of trenches and under the stone 
nflortar batteries,^ opposite the re-fentering places 
of arms ; 4, a disposition under the breaching 
and, counter batteries; 5, and finally, a disposi' 
tion under the breaches for blowing up the rub* 
bish* This system would satisfy all the condi- 
tions of the defence very well, if it did not rigo- 
rously suppose, that the road of the attack is 
submitted to ia fixed and invariable position, 
which cannot be; and by this means the be- 
sieger may take a part of this system in flank, 
either to avoid the chambers or destroy them by 
his globes of compression. 

In the systems practised to this day, as well 
as in those just mentioned, chambers are dis- 
posed against the crowning of the covert- way, 
and also to act against the breaching and coun- 
'ter batteries; but it is conformable to the pre- 
^nt proceeding of the attack, to consider that 
this operation cannot take place; because the 
besieger, by the means of the offensive mines, 
viH have d€;stroyed this last resource if not used 
till he is to perform the crowning ; it is there- 
fore better to consider these chambers as meani. 
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to overturn- the ground without damaging the 
erest of the glacis; in this case the besieger 
will have infinite difficulties to make his lodg- 
ment/ to erect his breaching and counter bat- 
teries, Upon a ground thus thrown up. 




GENERAL RULES TO BE OBSERVED IN THE 

STRUCTION OF A SYSTEM OF DEFENSIVS 
MINES. 

Ist A system of defensive mines must.b^ 
so disposed as to have an intimate relation with 
tlie exterior works of the fortification. 

24 The general tracing of the galleries 
should be such as to facilitate a subterraneous 
war, and be as simple as possible. 

3d. No flank is to be presented in the direc- 
tion of the attack whet^ it can be avoided ; but 
the chambers are to be disposed in saliant and 
re-entering angles, .where the enemy may cpn>- 
iitantly be met and cut ofi*; by this means His 
globe of compression will have the least possi-^ 
ble suj^cess. 

4th. The galleries to be carried on longitu- 
tiiiially^and transversly, so as to obtain a fcircu- 
iation of air. 

ithv The galleries to be ' so disposed, that 
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those Which coininaiitcsite with one set of cfaan)'- 
bers may be indepetident of tlK>se which com'* 
inunicnte with another set, 

6th. The chambers to be disposed in such a ' 
manner that the enemy cannot make lise pf the 
galleries which have been abandoned ; that is 
to say, the last explosions of a first set should 
destroy the galleries communicating with them^ 
or else those galleries should be destroyed by 
the first explosions of the following set of cham^ 
bers, which are less advanced! 

7th. Such a space should be embraced at 
the saliants as to be certain that the enemy 
must meet the listners and the chambers, should 
he even proceed in directions different from 
those of the capitals. 

8th. The greatest possible obstacles are to 
be oppo&ed to the construction of the cavaliers 
of trenches, thexounter batteries, the breaching 
batteries, the descents into the ditch, &c. 

9cb. Chambers should be made under those 
parts of the works which are liable to be 
breached, in order to scarp them. 

10th. Gialleries are to be established under 
the ditch, to form a communication between 
the counterscarp and the body of the place« . 

Mouze's system of defensive mines consists 
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of a main gallery made at the back of the re-> 
T^tement of the cbunterscarp, having a commu-* 
nication with the place by means of galleries 
a, a, a, PI. 11 , made under the ditch joining .the 
casemates b, b, constructed at the entrance of 
the bastions; the gallery at the counterscarp is 
6 feet high and 3 feet wide, which, at the cir- 
cular parts c/c, c, is 6 feet wide, where loop- 
holes are made ; their principal object being to 
establish a circulation of air, also to contain a 
post ready to act wherever their service may be 
required. 

Parallel to the faces of the bastions, and to 
those of the ravelins, at the distance of 36 feet» 
a gallery d, d, d is made, whence listners are 
carried, on to the chambers placed under the 
rubbish of the breach* 

Under the capital of the saliant place of 
arms before the ravelin, a gallery ce is made 
and prolonged to the distance of 21 toises be- 
yond the crest of the parapet, where it is divid- 
ed into two branches to join the transversal f^, 
whence branches are made for a first disposition 
of chambers of three stages ; the first stage h i 
is atxhe distance of 40 toises from the saliant; 
and under the capitals of the bastions, a like 
galieiy is carried to the distance of ^8, toises 
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beyond the aaliant angle k, ia the form of a 
listner. 

Behind the ^raveirses of the three mliaiit 
places of arms, listners are carried on 'as far as 
12 tois^l beyond the profile of the travejraes^ 
whence galleries are made joining the trans^ 
versal Im, which is at the distance of IB 
toises from the saliant k; from this transversal 
branches are made for a second, disposition of 
chambers under the saliant of the ravelin, and 
for a first disposition under the capitals of the 
bastions, of which the first stage is at the dii^ 
tance of 20 toises from the saliants k, k. 

It must be observed, that the transversal 
Im, or KL, PL 12^ fig; 1, terminates in N^ at 
the distance of 6 ftei on each side of the gaK 
lery c e, which communicates with it only by 
the means of air-holes of S or 9 inches in dia- 
meter. If this circulation of air be not thought 
sufficient for proceeding to the execution of the 
first disposition of chambers towards thetrans^ 
versal fg, PI. 1 1, the deficiency may be supplied 
by means of two galleries having a common 
pier between them, one end joining the case* 
mate c, and the other end that in e^ with doors 
at each end to be shut ogcaaionally; 

Behind the traverses of the re^enteifipg 
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placed of afms and parallel to them^ galleries 
are made ^0 toises in lengthy and joined by a 
transversal ; from the middle of which a list- 
iier id made under the capital, carried on 12 feet 
beyond the crest of ,the saliant angle of the 
place of armSk 

The situation of the chambers of the dispo- 
sitions 6f the three stages ia as follows: the 
chambers of the first stage have a line of 10 
feet least resistance ; those of the seconrf stage 
have a line of 16 feet least resistance, and are 
15 feet distant from the first; those of the third 
stage have SO feet line of least resistance, and 
are IS feet dis^tant from the chambers of the se- 
cond stages 

The centres of the chambers of the three 
stages are 26 feet distant from each other ; by 
thi« means thosfc^; of the first and second stage 
ara ini^ulated, and consequently independent;' 
but those of the thiitl stage are combined, and 
conseque&tly too near to otie another to act se- 
parately ; but they are disposed in such a man^ 
net as to destroy the galleries of communicah 
tion n, n, PL 12, fig. 1, and listners o,o,d, 
which lead to the disposition, and to leave lio 
traces of them to the enemy. The chambers 
of the third i^tage may, however, be made inde- 

o g ^ 
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pendent of one another by giving to the Vertical 
planes, upon which the several stages of cham- 
bers are situated a distance of 36^ feet from 
^each other, iilsf ead of S6 feet; but in this case 
there would remain an untouched space of 1^ 
feet between the funnels of the first stage, and 
one of 12 feet between those of the second; 
which may, hojvevcr, be easily reduced^ by 
.placing at the first two stages two combined 
chambers instdad of one; but in this case the 
listners advanced beyond the disposition would 
be too distant from each other to meet speedily 
,the enemy's miner. 

In the transversals and opposite to the en- 
trances of the galleries of communic?ition shafts 
p, p, p are made, whence half galleries or Kst- 
ners o, o, o are carried on /to the lowest parts 
the enemy can reach, so as to check him from 
the commencement of his work^ obliging hini to 
large deblais for establishing his globes of com- 
pression, and to keep them at such a distance 
that they will not be able to act upon the cham- 
bers of the first stage. The listening galleries 
may be made in the prolongation of those of 
communication ; but it is preferable to render 
them independent by the means of the shafts. 

Each of the advanced dispositions presents 
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a front of a sufficient extent to prevent the 
enemy from attacking it in flank. 

In order to disembarrass the galleries from 
the tools, timber, and earth necessary for stop- 
ping up the branches, galleries q, q, Sjcc* are made 
to serve as depots for all these objects. 

Mouz6 makes another disposition r, r, r, PL 
1 1, destined to act against the crowning of the 
covert-way, when the enemy is making it inch 
by inch, or to overturn the ground at the dis- 
tance of 18 feet from the ctest of the glacis. 
When it is expected that a forced attack will l^e 
made u^on the covert-way, a disposition s, s, is 
made to blow up the enemy's lodgmbnt^ aQd to 
defend the gallery of the counterscarp. 

The advantages resulting from these dispo- 
sitions in favour of the besieged, as explained 
by Mouz^, in his TraiU dt Fortification Souter^^ 
rainef are, that the sap t, PL 12, fig. 1, of the 
besieger cannot reach any point of the line h i 
without being exposed to the effect of the mines 
of the first stage ; and that the besieged has the 
greatest resource to stop the besieger's miner. 

V' 1. The most advantageous direction for 
the besieger is in a line perpendicular to hi, 
at'>^l3p middle between the two chambers of the 
first stage; but ^en, whether it be made by 
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means of ^a. double sap, or by a parallel, the 
trench and its epaulenient will occupy a breadth 
of 28 or 20 feet on each side. There may 
then first a part of it be destroyed by the 
effect of one chamber, and then the remainder 
by the effect of the next, which, however, 
should not be fired until it has been ascertained 
that the enemy will not make a subterraneous . 
attempt towards the first funnel. The effect of' 
the two chambers causing the earth to fall upon / 
the space between their great circles will also 
render them as uninhabitable a%^the neigbbour- 
ing parts; and as soon as a chamber of the first 
stage has been fired, the besieged miner is tq 
proceed to the extremity of the corresponding 
branch of the second stage, to carry it 6 feet 
further, which will be performed before the set 
cond chamber of the first stage is fired. The 
besieger continuing in the same direction will 
be exposed to the successive action af two 
chambers of tlie second stage, and also to the 
united effect of the two chambers of the third 
stage. 

*^ Naw, if he reacbes jone of the chambers 
of the first stage^ or nearly arrives at it^ he will 
be exposed to the action of this chamber, and 
successively to the action of three chambers of 
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/th^ second stage; consequently the besieger 
cja^nnot reach any point of the line h i to pass it 
withMmt being exposed to the effect of the 
chambers of the three stages. 

f^ 2* A disposition of mines formed against 
the head of a sap will upite all the advantages 
that can be (Sxpectied when made in such a man*^ 
pe$ as to stop thie besieger's sapper and minef 
as long as possible. This answfers the first couf 
(dition of the d^efence as well as can be wished 
for; let us see if it is the same with regard to the 
#ecqid. 

** We shall suppose that, in constructing the 
branches^ the besieged will take such precau- 
tions as to conceal the situation of the first 
l^ange of chambers from the enemy, in order to 
jDiblige him to wait for their effect, or tp caus^ 
his miners to work at all events ; yfher^foTt w6 
shall suppose, that the head of the sap has been 
destroyed by the effect of the first chamber A. 
'OThpn the besieger will have three operations t0 
{ierform« First, to empty the funnel in ordet 
to' find Out the gallery and to clear it of thd 
stopping up. g. To sink shafts at the distance 
of from 13 to 2fO feet from the centre of th6 
funnel, in order to establish over-lpaded cham- 
jb^rs btloNT thp disposition. S. In short, to forin 
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globfes 6f compressibn in the rear of the dispo 
sition. 

*^ If the besieger's miner proceeds accard- 
ing to the first mentioned methods, the besieged 
vi]l be able to destroy his work, at least three 
tiih^$ before, to have recourse to the chambers 
pf the second stage; it being known from expe- 
rienp^ that the effect of the chamber A will not 
act upon the listner situated at B. Therefore, 
immediately after this chamber has produced its 
effect, the besieged miner will majce th^ branch 
u of 5 feet in length, to establish a fougass, 
haying a line of least resistance of about 6 feet; 
because the chamber A will have destroyed the 
tenficity of the earth for nearly 3 feet below it* 
centre^; and consequently with a charge of only 
$46 pounds of powder the work of the besiegerV 
piiner, in the funnel, may be destroyed, in less 
than 5 hours after the effect produced by the 
first cl^amber has taken place: hence the he^ 
sieger will not have sufficient time to empty 
th^ funnel, which he cannot enter into, in search 
of /the branchy until half an hour after the ex- 
plosion; besides it is easy to retard his wprk by 
means of a small sally made about two hours 
^fter the erxplosion, the men carrying with them 
ffome loaded shells to be thrown into the fuft-* 
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Bcl. While the besieged is at work preparing 
the fougass upon the branch u, two other bri- 
gades are to carry on the branches v and x, 
which they are to advance 6 feel, and then to 
wait for the effect of the first fougass; and ^- 
terwards to continue their work to establish two 
other fougasses, which will successively destroy 
the work of the besieger, and consequently ac- 
complish this object at least three times, before 
it is necessary to -make use of the second stage 
of the disposition. It is to be observed here, 
that, if the second . chamber D vfcre placed 
nearer to A than it is, k would obstruct the fa* 
cility of establishing the fougass v, by which 
the time it was intended the enemy should lose 
will be unnecessarily decreased. It may also 
]»e seen, that if the listners were more distant 
from each other than they are, which wpuld be 
necessary, for seeing the independency of the 
third stage, it Would afford the besieger's miner 
an opportunity of penetrating into the stopped 
up branch, and of firing an over-loaded mine, 
i>efore there was ^sufficient tim^ to come upon 
hlm« 

^* Should the besieger adapt the method of 
sinking shafts, at the distance of about 17 feet 
from the first stag^, so as to gain the ground 
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below it, his work will be heard all sound from 
the neighboiiring listn^rs. 

f^ Let us examine what resource^ tjie li$tr 
pers offer for opposing them. 

" Suppo9e the shaft of the besieger to be 
situated upon the listner as at !E^ or between 
the listners as at F : in the first case, which i^ 
the most disadvantageous position for the be? 
sieged, he^ will still be able to overturn the ene- 
my s worky at least three times successively^ by 
proceeding as follows. 

*^ The besieger cannot arrives at the roof of 
the listner until his shaft £ is about 12 £eet iQ 
depth below the bottom of the trench, and thi» 
work cannot be performed in less than 7 hours; 
the besieged will therefore have time to esta^ 
blish and to stop' up a fougass below the shaft^ 
and to destroy it by sacrificing a part of. the 
listner. During this time the other iMrigades 
must make branches from the neighbouring list- 
ners, towards this shaft ^f about 6 feet long^ 
and prepare two new fougasses of 3 feet line of 
least resistance towards the^shaft ; whi<3h are to 
be used should the eneipy attempt to re-e^ta^ 
blish it. 

^' In the second c^se in which the shaft F is 
niade between two listners, it will likewise be 
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#a*y for the besieged to destroy the work of 
^he besieger at least th^ee times. In fact, as it 
)S supposed in this case that the object of the 
besieger is to get below ground at the. depth of 
the first st£^ge^ and that the slope of his ga^ery 
jpannot be lesjf than 3 inches j)er foot, , which 
will be 5 feet for the length of 20, the depth of 
the shaft will be about 12 feet, requiring about 
8 hours before he can begin the opening of his 
gallery ; whereas the greatest branch required 
to be inade by the besieged, to establish his first 
fougass, is only 8 feet, which may be performed 
)n 6 hours at most ; hence the fougass will be 
ready t6 )be^ fired when the enemy is nearly 
ready to open his gallery. It may easily be 
conceiyed, tbat after the -» destruction of this 
shaft, a3 well as the gallery of the besieger, 
there will be sufficient time for successively 
preparing the other fougasses round this point* 

** It is then evident that the listners are 
X^xy advantageous in stopping the * besieger's 
miner, whether he h to establish himself in the 
funnel, or sink^ shafts at the distance of 20 feet 
in the rear of the first stage." 

The system of defiance by the means of 
mines may easily be deduced from what has 
already been explained in the preceding part of 
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this work; the proceedings of the attack remain 
to be described. Should the besieger, as is fre- 
quently the dase, have a plan of the defensive 
mines of the place attacked, he will make bis 
exterior approaches within a certain distance of 
the heads of the listners, or the most advanced 
gc^lleries, where he is to establish his third paral^ 
lei, in which he will have the advantage of be- 
ginning the attack below the surface of the 
ground. We shall suppose here that the sys- 
tem of defensive mines consists of a gallery of 
counterscarp, of an envelope, qf galleries of 
communication and of li&tners^ as shown in 
PL 3. Then suppose ABC, PI 12, fig. 2, to 
represent the third parallel of the attack, beipg 
within 24 feet of the points of the listners a b 
and erf, the besiegers miners are to sink shafts 
at the three different points e'jjT, andg", with the in- 
tention of attaching the besieged miner's atten- 
tion towards several parts, so as to deceive him 
with respect to the real attack. But to avoid 
exposing his branches eq and^r, which arc 
very near to the listners, to be destroyed by the 
camouflets or fougasses of the besieged, he will 
make the opening of theoi as far a^ possible 
from these listners, and carry them on obliquely, 
endeavouring to draw the besieged miner to-. 
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wards him, in order to prevent, if possible, frbm 
opposing himself to the construction of the 
branch BD, which is destined for an over- 
loaded chamber D, to destroy the list ners ab^ 
c dj and the part n c of the envelope ; and as 
these listners are supposec( to be 24 toises from 
each other, it is necessary that the overloaded 
chamber or globe of compression should have a 
line of 18 feet least resistance, and that its 
charge should be 5400 pounds of po wden 
Should the besieged have interrupted the- 
branches ey, gr, by means of camouflets or 
fougasses, other openings must be made in the 
neighbouring part, to carry on branches for dis- 
posing chambers q and r for the purpose of de- 
stroying the listners. As the branch BD is 
about 12 toises from the listners ab^cdy the 
besieger, by some diversion made on each side, 
may very likely succeed in constructing it, and 
loading the chamber D, provided the besieged 
has not made branches on the right and left of 
the listners, except those he may carry on for 
hearing the approach of the besieger*s miner; 
but should the besieged have had the precau- 
tion to make branches, as h Ar, and i /, it will 
be very difficult, if not impossible, to conceal 
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the construction of the branch B D ftotn hittl i 
and there will be no other means left t)ian to 
endeavour to separate the listhers and branches 
at their points of junction. It may be conceive 
ed, however^ that this manoeuvre cannot easily 
be performed, nor without great danger, it 
being even supposed that the besieger is well ' 
acquainted with the position of the listners and 
branches. 

Should the besieger succeed in destroying 
the listners, and others not be made by the be^ 
sieged, the besieger will very likely be success* 
ful in establishing his globe of compression D, 
and in having the benefit of its effect ; the dia* 
meter of its funtiel being equal to six times the 
line of least resistance, which is here 18 feet, 
and the radius of its^ sphere of activity being 
four times this line, it will have burst the two 
listners and a part of the envelope a c, as shown 
by the dotted circle; but. as the parts men, 
oak of the listners and of the ^envelope have 
not been affected by it, the besieged may act 
against the establishment of the besieger*s lodg* 
ment in this funnel, as also against the be^ 
ginning of a branch by the besieger's miner 
from thence, by successively firing several cham* 
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hct$ on the right and left, to overturn the 
Grorwfiing of the funnel,'*^ and. destroy all those 

* The method of crowniog the funnel of a mine^ as ihown 
by Mooze, is as follows. 

''"Immediately after the explosion of a mine, which suppose 
to have been effected three hours before day-fight, the engineer! 
-wtdi somt WDrkmen, csarryiog with them .poles, or pickets of 
from 3 to g feet long 3 hardies of from 18 to 24 inches higji ; 50 
miner's baskets ; mallets, gabions, ^seines, shovels and pick- 
axes } are to go into the funnel to crbwn it, and to establish the 
communication with the branch 5 and this work may be per-> 
/(Mined with order and speed as follows. 

•' The part of the funnel towards the place is first crowned 
with gsibioasj which must quickly be filkd with earth: shet 
ttiat the brge pickets die fixed in the ground at 8 feet distant 
from the gabions, and so that their tops may be 3 feet below 
the crest of the funnel, and within these pickets a row of hur- 
dles is placed : this being done at three different points of the 
Orowned partj, three liae« of workmen are placed, who are to 
^ the miners baskets apd the part between^ them and the hur- 
dler w^th the earth taken from the part of the funnel towards 
the country. When this first remblai is completed, a second 
low of hurdles is placed destined to retain a new remblai, and 
iCQUtiouing' thi:^ tiU brought to the height of the tops of .the 
pickets^ wbich will terminate the terrepleln, haying a small 
banquette, its terreplein being, two feet,>nQade with the pickets 
of 3 feet Igmg, apd the hurdles of 18 inches broad 5 while a part 
cS the workmen em^ibyed to construct the banquette, the otb^s 
are to form a ramp for an easy conmiunication to the bottom 
ofthefuane}. 

[^ The miners and their assistants haying likewise e)^ered 
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who are in it. In order to prevent thid proceed- 
ing, the besieger may attempt to carry on a 
branch to place the chamber j^, which, if it caA 
be done without interruption, will overturn 
that part : but as this branch is to be carried on 
between those a k and a Oj it is probable that it 
will be overturned, as well as the crowning of 
the funnel, before it can be brought to perfec- 
tion: the other part men will be in the same 
state. 

The besieged not having any more mines to 

entered the funnel immediateljr after the explosion are to work 
at the deblat at the bottom of the funnel^ and wheh they haVe 
discovered the gallery of the besieged, they cover Che opening 
on each side with sand-bags, forming epaolements of 3 feet 
thick and 4 feet 4 inches high, the space between them being 3 
feet, and the whole so disposed as to enable them to penetrate 
into the listn^. Although it is probable that the effect of the 
chamber will cut the communication of the aqgets to the boxeg 
and grenades, ' which may happen to be under the chambers ; 
yet this must not prevent the miners from searching the ground 
below the bottom of the gallery, or from tdcing advantage of 
the moment, while the smoke prevents the enemy from enter- 
ing into it, to carry that search as far as possible. 

" If the last three hours of the night have been well em- 
ployed, the funnel will be crowned at day-break, and the ter^ 
re{>lein of the lodgment brought forward. This work is to be 
continued and completed under the protection of all the bal-j 
teries." 
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llire, which will either damage the drowning ot 
preveiit the lodgment to be made in the funnel^ 
the besieger's miner may again begin to pene^ 
tratd the part of the envelope oEw, which hai» 
been destroyed, and to advance; but as the 
whole of the communication £ F still exists^ hci 
will not be certain of carrying on a branch t H 
close to it; therefore, to facilitate this man^u-* 
vre, another branch uv must be made which 
should be begun firsts in order to attract the at- 
tention of the besieged towards it, and, if possi-^ 
ble, to fire the chamber v, to burst a part of 
that gallery of communication* If the besieger 
has been successful in firing the chamber/?, it 
will be more advantageous to join its funnel to 
that of the large one, so as to have only one 
lodgment to make, and from thence to carry on 
the branch i* H, at the extremity of which the 
chamber H of a globe of compression is made ; 
but as the besieged is still in possession of the 
gallery of envelope as far as ^, the beginning of 
the branch will be much exposed ; therefore it 
Will- be necessary to divert the attention of the 
besieged miner, by means of other branches 
made from the fiinnel p to attack the vicinity 
hf the point y* Perhaps it n\ay also be proper, 
to carry on the two branches / H and jf H, so 

p 
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jthat if one should be destroyed the other may 
succeed. The whole length of the branch i H 
being very near the communication EG^ tlie 
besieger may, from time to time, fire a camou- 
flet or afougass towards this gallery to burst it; 
then should the besieger succeed in firing the 
chamber H, its explosion will open the covert- 
way ^t the saliant angle, and he will get posses- 
sion of a part of the saliant place of arms. 

This mine having succeeded, and its^ funnel 
being crowned in spite of every effort made by 
the besieged to oppose it, who still remains in 
possession of that part of the communication, 
which has not beea interrupted, and of the large 
casemate F, will probably fire same small mines 
on the right and left of the funnel, to retard or 
overthrow tlie crowning, ijnd thus prevent the 
recommencement of the miner's progress ; blit 
the resource of opposition being at length ex- 
hausted, and the besieger having fully esta* 
blished himself in the funnel, he will have it in 
his power to proceed under ground by three dif- 
ferent and principal branches I K, L M, 1,2, inr 
dependent of such others as may be thought ne- 
cessary for deceiving the besieged* The object 
'of the branch 1,2, will be to destroy the casemate 
F, and the two others, M and K, to open the 
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counterscarp^ which 'will secure the besieger 
against further persecution from the besieged 
miner in taking possession of the saliant place 

^of arms, as the main gallery will be thus inter^ 

/Tupted, . 

The subterraneous attack, as above describ- 
ed, may be considered as a general method of 
proceeding, although, in many instances, it 
must be governed by the degree of skill dis- 
played in the defence; "Arising from the judi- 
cious use the besieged may make of his defen- 
sive mines, united with well-timed sallies. In 
support of this we shall take, for example, 
the subterraneous attack of the siege of Schweid- 
nitz in 1762, entrusted to Major Le Febvre of 
the Prussian engineers, and defended by Gri- 
beauvaL 

The Prussians having approached within 34 
toises of the glacis of the pjace, the miners were 
set to work, to sink a shaft in the trenches dur- 
ing the night, between the gSd and S3d of Au- 
gust, which being carried to a depth of 16 feet, 
they begun a gallery during the night of the 
30th, and advanced it to the distance of 9,6 feet; 
the chamber of the mine, was made the, 31st, 
and the powder brought to it the following 
night The 1st of September the chamber was 

p 2 
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*^pped op, and iSed thfe same day Bit 9 0'cioek 
in &t evening : this cTiamber had a line df l^ 
fee* least resistance, and its charge was 5000 
"pounds of powder, which produced a fonnel of 
90 feet diameter, extending within 60 fetit. of 
the crest of the glacis ; this funnel was crowned 
the fid: on the 3d the besieger's miners begun « 
gallery from the bottom of the funnel, whicli 
they were obliged to abandon on the 6th, when 
already brought to the length of ^2 feet, on ac- 
count of having met with water. This gallery; 
was SI feet below; ground. They began the same 
day ano^ther on the leftof the former, but 9 feet 
less in depth. On the 9th, at 10 in the evening,, 
when this gallery had been carried to the length 
of 68 feet,, the besieged fired a fougass on his. 
right, which damaged 24 feet of the gallery 
near the midcHe, and wounded four miners.. 

'The besiegers re*cstablished and prolonged it. 
llie loth in the evening the gallery was carried 
to the length of 72 feet, when the miners^ came 
into a gallery of the place, from which the be- 
sieger's miners were driven by the fire of small 

• arms. Immediately after, the besieged fired a 
mine on the right of this gallery, which de» 

^stroyied 60 feet^r leaving only 12 feet of it re- 
maining. 
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The 11 th of September the besiegers heg^n 
i^iiother gallery on the left of the first, whici 
the; attempted at the same time to repair^ nojt 
knowing that nearly the whole pf it had been 
destroyed. The 12tb, in re-establishing it^ thej 
came into the funnel of the besieged tnioQ, 
which bad destroyed the gallery;, they crowned 
this funnel aod lodged themselves there witb^ 
cut proceeding further. The other gallery on 
the left wfis then }6 feet long, when the be* 
sieged fired two mines successively on the right 
and left of these two galleries^ deranging twc^ 
frames, wjiich, were speedily re-established. The 
J 5th the gallery on ^:he left was 42 feet long^ 
wb^re the besieger's miner came to an old ruin-i 
ed gallery 'of the besieged, in which a very pf-^ 
fensiv0 smell prevented him from advancing* 
He wa9 then 12 feet under ground, and iinme- 
diately lodged 2000 pounds of povyder, stopped, 
np his branch <is far as 36 f^et from the ^h^m*^ 
ber, which being fired on the 16th, at 5 in tbft 
morning, produced $^ funnel of 60 feet in dift^ 
meter, and extending 1? feet within the crert 
of the glacis, but destroyed the lodgment mad^ 
by the besieger in the funnel of the besieged,* 
33 also its communication, ^ttd .cpnsequefitly. 
f©r«^ t^be besieger to abwidon them both. ..H«. 
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immediately made a traverse in the new funnel 
to cover those protecting the miners, wha were 
beginning a branch which was overturned on 
the 17thj at 11 in the night, by a fougass, be- 
fore it had attained 8 feet in length. On the 
18th the besieger opened two branches in the 
same funnel, the one directed towards the sa- 
liant angle of the covert-way, and the other to 
the right of this angle; but they had scarcely 
begun before they, were both destroyed the 
same day at 4 in the afternoon by a fougass of 
the besieged. In the night between the 1 8th 
and 19th, the besieger undertook a new branch, 
which the 19th, being scarcely 8 leet long, was 
likewise overturned by a fougass; another 
branch was again begun on the 19th, which had 
the same fate, in the morning of the 20th, 

The besieger now finding great difficulty in 
advancing, resolved to make a diversion^ and ta 
attack the besieged on one side, by means of 
fougasses, in order to attract his attention ; 
while, at the mean time, he opened a gallery on 
the other side to be brought to the greatest 
depth possible, and to be sufficiently advanced, 
so that the charhber of a globe of compression 
being established at its extremity, might ruin 
the main gallery of the besiegedf Without loss 
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of time^ he begun the gallery and a branch on 
the SOth; but the latter had scarcely attained 
the length of 7 feet before it was overturned on 
the 2?d, at 8 in the evening, by afougas^ of the 
besieged, which luckily did not damage th? 
deep gallery, except some shells falling into the 
funnel of the fougass, which, by bursting, put 
a part pf it out of order, which occasioned much 
trouble and loss of time in repairing; by which 
means, the gallery advanced but slowly. Whei^ 
yet 20 feet in length, the king entered it^ on the 
24th, in the morning, and ordered a return of 
4 feet and a chamber to be made, and which 
contained 3000 pounds of powder, placed ia 
sand-bags otjly ; afterwards the gallery was 
speedily stopped up with sand-bags. This cha,m-? 
ber was 20 feet under ground, and being fired 
the same day, it produced a funnel of 60 feet^ 
in diameter, the edge of which \ya8 8 feet fron\ 
|:he crest of the glacis. 

The besiegers made two traverses in th^ 
funnel to place volunteers behind them, unlrlec 
whose protection the miners begun, on the 25 tl),, 
to open two branches. The 26thj at 8 in the 
liiornin^, one of these branches was 15 feet 
long, and the other 11 feet; the besieged .dcr, 
^troyed this last by means of a fougass; after 
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that, and during the same night, at 1 o'clock^ 
he having fired a second fougass^ entirely de-; 
stroyed the coram unication to the first branebi 
the besieged made a sally, took possessioii of 
the two funnels, and remained in them the rcr 
mainder of the night, in order to abandon them 
at day-light; at the mean time cutting away a 
part of the remaining glacis in order that they 
inight see from the covert- way to. the. bottom 
of the last funnel, and thereby prevent the be- 
sieger from re-establishing -himself there, and 
oblige him to make on the 27th a traverse iu 
the funnel of the secpnd globe of compression^ 
for the purpose of jiroceeding from thence, by 
means of a covered sap, to join that from whence 
lie had been driven out On the 28th and 29th 
the miners carried on the covered sap for 23 
feet, and another covered sap was likewise made 
on the left, towards the last funnel of the be- 
sieged. 

On the 2d October the wojk of the besieger 
peing advanced as much below ground as by 
the covered sap, to the distance' of 45 feet, 
iVhen the miners came to a ruined gallery of the 
besieged : th? 4th, at $ in the evening, when 
this new gallery was 65 feet long, thic besieged 
iired i ibugass on bis right, which did not da* 
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mage it. On the 5th and 6th the besieger's 
gallery was brought to the length of 87 feet. 
Thp 7th and 8th, qt 1 1 m the evening, the be- 
i^ieged ag^in fired two fougas^es ; but as the situa- 
tion of their chambers wa9 not so low as that of 
the gallery^ and too far distant fr0m it, they 
likewise did not dan^a^ge the gallery. On the 
8th this gallery having attained a length 0(96 
feet, the besiieging miner made ^ chamber at its 
extremity, which was loaded with a charge of 
4000 pounds of powder: the gallery was stop* 
ped up 45 fe^t in length, and at midnight the 
mine was fired, It opened the covert-way and 
filled thfi ditch of the work ; which, indeed, as 
well as the covert-way, was very narrow; which 
beinj^ added to the circumstance of a casemate 
filled with powder, which blew up the day be- 
fore ^t the gocge of the work, attacked and 
opened it; caused the place, which^ bedides^ 
being nearly destitute of ammunition and pro- 
visions, to surrender on the 9th October, after 
63 days open trenches, and from 48 to 49 days 
^from the beginning of the attack by mined. 

These are the principal events of the sub- 
terraneous war of this siege; and they pfbve 
that it is not so easy, as has generally* been ima- 
^ined| to penetrate and tp^destroy the gtiUerie§ 
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of the besieged when skilfully defended ; and to 
establish globes of compression, when the be* 
sieger has once shown himself to the besieged, 
whose listners are much less exposed to the ef- 
fect* of the globes of compression when pre- 
senting their points, than when presenting their 
flanks, aS' already explained and shown in 
Mouz6'ft System of Defensive Mines. 

The following is a collection of the measures 
adopted in practice, on various occasions, where 
mines have been resorted to for the destruction 
of fortifications, towers, bridges, &c. Such of 
these as have been carried into effect by the 
officers of the corps of royal engineers in the 
course of the late war, are here related with 
permission; their official. reports having been 
most liberally communicated to the author for 
that purpose, and copies or extracts from theiiv 
will be found in the sequel. 

BRIDGE OF liUy, LIEQE. 

Destruction of the^ Bridge of Huy, in the Bishopric of 
Liege, during the Campaigns of Louis XIF. 

This bridge was built of hard stone; tlie 
piers were thirty feet long, and twenty*two feet 
thick above the off sets, and exclusive of t|io 
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break-waters at each extremity^ PI. 13, fig. 5 
and 6. 

Twelve miners and a sufficient number of 
labourers were employed 15 days in preparing 
four chambers in each pier. The branches a, b 
and c were made 1 1 feet long, and the returns 
4^ feet. The two chambers m and n were 8 feet 
distant, from centre to centre of each other; 
a\id those marked 1 and o were 4 feet from the 
former. The openings of the branches were 
made 5 feet above the surface of the water. 
The chambers 1 and o were each loaded with 
500 pounds of powder, and those m and n with 
400 pounds. The fire was communicated to 
the chambers in each pier at the same time ; 
for which purpose a hole h was made in the 
middle of the transverse measure of the bridge 
and through the keying of the arch to admit the 
jsaucisson that was tied to a strong^ rope, the ends 
r and s being fixed ta4:he points of the central 
fires of the saucissons ik, ik, placed in augets 
fastened to the sides of the piers with iron 
cramps. The result was successful, the fire 
, reaching all the chambers at the same moment ; 
threes of the aiiches A, B and C were instantly 
destroyed. 
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This example shows the method 6f bkfwiji^ 
up bridges according to the rules of mining; 
fifteen days were, however, required for th^aC"^ 
complishment of this operation i but wheretitn^ 
^nd circumstances preclude the possibility of 
proceeding systematically in conformity #itb 
the above described method, such measures 
Timst be adopted as may appear best calculated 
to succeed ; and these again must be regulated 
by the length of time at command, and the 
ineans which the local circumstancte of the 
army can provide. To give the most, satiafac* 
tory information regarding the method, of de* 
sjkrOying bridges under such disadvantages^ thus 
following copy of a memorandum upoa that 
subject, describing the various modes .carrie4 
into effect in Spain during the late war has 
been inserted, 

BRIDGES IN SPAI^» 

Memorandum on the blotsnng up of Bridges^ by Lieut.y 
Colonel Burgoyne, of the Corps of Royal Engi- 
neers, dated 6th September, 1814. 

" In the destruction of bridges during the 
Duke of Wellington's campaigns, various me^ 
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stances of the caM, 

^' The bridges in the peninsula were usually 
of stone, the arches from ^0 to 40 feet spaa 
ftemicircular, and of one stone of 18 inches or 
£ feet in thickness. The loading of the arches 
^ms sonoetimes of solid masonrj^, but commonly 
of loose stones of rubbish. 
. ** The object required generally was. to de- 
stroy one arch, and in order to give the enepiy 
the greatest incoA venience aiid delay; the largest 
aroh ^od where there was deep M^ter was prer 
ferred, excepting when want of time oi* amihu- 
i)ition:m^^ it advisable to select a particuJtar 
one that might appear weaker than the others. 

«« Hhesiaipleist principle of mining a bridge 
wasfvond to be by lodging the powder on the 
Imttncii of the arch, and as near as could be on 
the centre of the width of the bridge, with the 
line of least resistance tlirough the arch. 

'f The best mode of forming the mine was 
wheire -the aide walla of tlie bridge above the 
pises were slightly . built and easily got at, and 
the kttidingof the arch of loose rubbish;. a small 
gallery was then nm in A, PL 14, fig. 1, about 
it feet from the arch stone j and when at the 
centre of the width of the bridge, a return was 
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made to the affch, and the powder lodged against 
it There are not many occasions where this 
can be done under a very considerable time ; 
but when practica]i)le it has many advantages : 
the greatest resistance is obtained to the sides 
and above; the ammunition is less likely to get 
injured from wet penetrating to it; therei is no 
obstruction to the road over the bridge while 
preparing, and less danger of accidents after it 
is loaded. 

" In this case, the powder, saucisson, &c. are 
applied in the usual manner it>mining; aiid the 
end to be lighted is ke|>t within the surCjice of 
the wall to be sheltered from the weather. 

^^ The common and quickest mode of mm- 
ing a bridge is by sinking down from the rpad 
;ibove, to the arch, and lodgitijg^ the powder in 
one mass on the centre of its width. To do this 
with good effect^ the shaft C fi> fig. 2, Aould 
be sunk where there will be the greatest resist? 
ance gained above atid to the aides, as at £• As 
the arch gives so much more resistance than the 
materials with which it is loaded, the distance 
to the surface, therefore, should be twice, or 
three, or even four times more, at least in those 
directions, than in that through the archj. in 
proportion to the nature of those materiab. 
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"In tills way arches have be^n blown down 
with 45 pounds of powder, and after five or six 
hours of labour. 

** The shaft should be sunk on One side of 
the centre of the width of the bridge, as at C, 
iig. 3, and a little return made at the bottom to 
gain that ditnation for the powder, by which 
means there will be more solid resistance above, 
and a greater width of road left open during 
4:he operation. 

'< In loading, the saucisson was brought, up 
the shaft to within about 1 foot of th^ surface 
of the road, and then carried along a gutter ox 
drain vto the side of the bridge where it was 
lighted, whereby the road was entirely cleared, 
flindiil premature explosion from accident less 
likely tp occur. The uppei- surface of the road 
wais driined off as much as possible, to keep the 
wet from penetrating to the powder. 

*' When there is no time to sink a shaft as 
deep OS might be wished, as great resistance 
must be obtained as can be, by sinking as deep 
to the arch as there is time. for, and increasing 
the effect by a loading of as mdch stone or 
other heavy materials from the parapet walls or 
elsewhere as can be applied. 

^' A bridge across the Carrion at Duenas M'as 
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required to be nlmed in* great hsisttj and itr wa^ 
fouud that the Loading between the arches was 
of solid masonry! an opening was, thercfoFe^ 
made down to the crown of the areh D^ fig. 4 
and 5, about two feet six inches only; S50 
pounds of powder were lodged in rather a Ipn-^ 
gitudinal direction along the width of thf 
bridge, and a loading CC^ fig. 4^ applied of 
he^vy stones and rubbish, as high above tb€ 
road of the bridge as could be without pfcorenl^^ 
ing carriages from passing : when £Lced it made 
a gap £ £ £ E^ across the bridge of fifteen feefv 
which was about half its span. 

*^The French declare that 100 pounds of 
pow/ler laid on the crown of an arch, and withr 
out loading would destroy it; but^ in a strong 
built bridge, 1 should be sorry to apply so small 
a quantity. 

" As on service, the time at command for tlw 
kind pf operation h very uncertain ; it is a com- 
mon and good mode to commence preparing in 
two places, one on the crown of the arch anjd 
the other on the haunch, and then if not aU 
lowed time sufficieilt to complete the latter an^ 
better mode, the powder can be a|>plied on the 
crown of the arch, and exploded with or withr 
out a loading of rubbish, according to circum- 
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stances; amd it is muchljettet tado that than 
to lodge the powder in a shaft only partly stink 
down to the haunch^ although it should he 
deeper. 

" In some cases where the bridge is very 
wide, and the operation can be carried on with 
nicety, it may be right to divide the powder 
into two mines F and G, fig. 6, across its width; 
but, in a rough operation, I would certainly 
never divide the powder: for although it was 
said once that a hole was blown through the 
centre of a wide arch, and a passage left on each 
side (which, however, I do not believe,) if it was 
so, certainly that same quantity of powder that 
gave so nice a shock would not have injured tlie 
arch at all if divided. 

** I have seen an instance where about half 
of the width of a bridge FG H, fig. 7, was blown 
down, which probably arose from dividing the 
powder in this manner. 

" There can be no reason whatever for divid- 
ing the powder between the different sides of 
the arch, as at I K, fig. 8 ^ by doing so a failure 
took place on the Cor una retreat ; and if it sue- 
ceeds, there can be little doubt but that one of 
tl^c^ mine's would have done as well. Wherever 
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the powdef is divided, the explosioa of the 
whole should be simultaneous; the arrange-* 
raents require much precision, and the chances 
of failure are df course multipUed. 

" Where a bridge is neri^ow, there can be pa 
occasion for sinking the shaft down to the arch 
much deeper than half the width of the bridge^ 
as the want of resistance at the sides will render 
the additional vertical resistance superfluous. 
On one occasion a failure occurred from a shaft 
being sunk down to a pier with the intenti<»]^ 
©f destroying two arches ; but which, although 
great perpendicular resistance wa9 gained^ blew 
out at the sides, and left the two archer, per? 
fett. 

" When the effect of a mine can be secured 
to cut through the arch, the greater resistance 
that can be given even in that direction the bet- 
ter, as it will increase the effect over the whole 
width of the bridge. 

" As it generally happens on service, that 
the mine cannot be laid according to nice cal- 
culation, after applying it in the best way which 
circumstances will allow, the effect must be 
gained by increasing the quantity of powder^ 
Under the chance of different difficulties that 
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might occur, it was customary, when practica''' 
blc, to send two, three, and even four barrels of 
powder, of 90 pounds each, for the destruction 
of a bridge, although one would usually be suf- 
ficient. 

" When there was time, these mines were 
loaded with all the precautions commonly used, 
yiz. the powder in a box, and the saucisson in 
an auget ; and when to lay any time, the box 
and auget were pitched, and covered with straw, 
tarpawling, &c. to preserve the ammunition dry. 
When pressed for time and without the proper 
articles, the powder was lodged in the barrels it 
was brought in^ or laid in a tarpawling, ot iii 
bags; and the saucisson was laid without an 
auget, but with care that the stones br rubbiiih 
should not ehoak it. The mine was lighted by 
a piece of portfire tiAi into the end of the Sau- 
cisson. 

*^ Saucisson is so very easily made and car- 
ried, and so advantageous, that latterly we ne- 
ver failed having it with us ; in our first mines, 
indeed, Ibr want of it, we cut off the ends of 
port fires diagonally, and tied them together to 
pieces of stick the length necessary for train ; 
but such a contrivance is very bad, and owing 

<^2 



Digitized by 



Google 



228 A TKEATXSS 

to it Lieutenanjt Davy was killed on Sir John 
Moore's retreat, the mine exploding the instant 
he lighted it, probably from the fire of the com- 
position dropping down to the powder, for 
which reason the end port-fire should be laid 
horizontally, and a little clay roufld it will give 
additional security. 

"A small hollow, round the powder in a 
mine, will increase its effect 

" To destroy wooden bridges, powder was 
sometimes used and applied to the most imports 
ant supports in the arch according to its con « 
structton; but as there is no other resistance 
than the air, the quantity of powder should be 
large: 90 pounds have blown down a strong 
wooden arch. 

. " The common and best mode with a woodep 
bridge is to lay the planking bare, and to light 
a large fire upon them, over the piles forming 
the piers, which will then bum to the water's 
edge if let alone ; but this will not do if the 
enemy cannot be kept from gaining possession 
of the bridge, for at least twelve hours after the 
fire is lighted" 
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PORT BOURBON : ISLAND OF MARTINIQUE. 

Extract from a Report made by Lieut-Col. Johnston^ 
of the Corps of Royal Engineers, dated Martinico^ 
I6th of August, 1809, addressed to the Inspector 
General of Fortifications. 

** Ih xjonsequence of orders to that effect, I 
began to perforate the exterior of the revfete- 
ment of the bastion Valiere, in fort Dcsaix, (fort 
Bourbon) with a view to throw down the walls, 
&c. PI. 14, fig. 9 and 10. 

" Having prepared five chambers B,G>H,I,A, 
fig. 9, situated agreeably to the representation in 
the plat^, I yesterday morning proceeded to 
load and block them up, and at half past three 
o'clock in the afternoon exploded them with 
the most complete effect, removing the revfete- 
ment from the very root, several yards in front/ 
and separating the counterforts bodily from the 
rev6tements and ramparts, and the whole work 
from the interior crest of theparapet, fallingdown 
to a gentle slope for 114 feet on the one face, 
and 137 on the other, allowing a person to walk 
with facility into the fort the whole length of 
the excavation. I should have observed, except 
where the large fragments of the rev^tements 
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and counterforts impede the progress, and in 
one place C, where the rev6tement remains al- 
most entire for 12 or- 14 feet, but is cracked 
through from one end to the other in a hori- 
zontal direction. The height of the rcvfetemient 
at the saliant angle £ was 38 feet, and from 
thence to the interior crest of the parapet 18, 
making together a perpendicular height of 56 
feet, which may now be walked at an ascent of 
something less than aw angle of 45 degree*, fox 
a running length of S51 feet, on the two faces 
of the bastion. The ex;plosion could scarcely 
be heard at the dintanoe of one-fourth of ai mile, 
^nd a side-bo^d of china would not have re^ 
ceived any injury on the parapets, within jK> 
feet of either end of the excavation; $o that 
we may safely calculate on the security of the 
buildings in the fortress and in the neighbour- 
hood of it. 

N. B. The thickness pf the revStement at 
the foot, as far as we have found, has been uni- 
formly ten feet, and the counterforts IS feet 
apart, and tailing 6 feet into the rampart, being 
6 feet thick at the revetement and 5 at the tail; 
the counterfort at B, under which we placed 
two barrels of powder, did not come within 5 
feet of the revetement at the level of the diteb« 
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Tlie charge of powder of the chambers wa« 
7» fullowjs: 6 180, G90^ H 360, I 270, and A 
14)0. pouudfl of powder* 

JEJftTRACT FROM THE JOURNAL OF THE €AM» 
OF COMPIEGNB IN 1739. 

At this cairip several works of fortijficatioii 
wop erected, in order to show to the king, Louis 
XV. and to the royal family, die method of de- 
stroying these works by the means of mines. 

" Antoniazzy, of the French miners, was in- 
trusted with the blowing up the lunette^ PI. I^, 
%. 11 and 12, for which purpose he made two 
shafts c and d, of eight feet deep, and the open- 
ing being four feet square in the clear : from 
the bottom of them, branches were made two 
feet three inches wide, and three feet three 
inches high, carried on to the distance of 10 
feet, where returns to the right and left were 
made five feet in length ; at the extremities of 
these branches chambers g, b,-e, f were made 
10 feet distant from centre to centre of ^ach 
other^ and that between the chambers e and b 
17 feet; their lines of least resistance being 9 
feet, adad each loaded with 68 pounds of pow- 

dCTf 
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** At the distance of 7 toises from the saliant 
angle B| measured on the capital A B, a shaft A 
was sunk to prepare a^second stage of chambers; 
this shaft was 12 feet deep, and the opening 4 
feet square : and froni the bpttom pf it thre? 
branches An, A q, and A p were made of the 
same dimensions as those of the first st^ge, and 
of 28 feet in length, with a slope of 6 inches 
per toise; the lines of least resistance of the 
chambers n, o, p, placed at the extremities of 
the branches were I* feet, each being loaded 
with 228 pounds of powder. 

" A third stage was made consisting of one 
chamber only ; for which purpose the shaft A 
was continued to the depth of 24 feet, whence 
a gallery was made towards the saliant angle 
1 1 feet long, at the extremity of which a cham- 
ber q was made, having a line of least resistance 
equal to 25 feet, and containing a charge of 
1300 pounds of powder." 

It is here necessary to be obiserved, that the 
quantity of powder with which the chamber of 
the third stage was charged, must have been 
considerably beyond that which ought to have 
been allotted for producing the desired effect, 
as has been sufficiently discussed in the preced- 
ing part of U^is work; for, there can be no 
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doubt but that the mines in the first tind second 
stages must have materially affected the tena*- 
city of the earth, changing, at the same time, 
the direction of the line of least resistance ; and 
the same reasoning is also applicable to the 
charges of the chambers of the second stage. 

THE FOLLOWING EXTRACTS FROM VAUBAN's 
ATTACK AND DEFENCE OF PLACES MAY 
SERVE AS USEFUL EXAMPLES. 

Destruction of a tower situated at five leagues 
from Amsterdam, PL 15, fig. 1 and 2. 

^•* This- tower was surrounded by water; its 
thickness was 6 feet, and the interior diameter 
15 feet; pierced all round with loop-holes and 
air-holes, which prevented the use of chambers 
in its thickness ; besides, the water did not per- 
mit to sink a. shaft below its terreplein and 
foundation to place a chamber below it: it was 
necessary to form a square space of timber 6 by 
6 inches for a chamber A of £0 inches square, 
and 34 inches deep, to contain SOO pounds of 
powder. The side? and the top of this cham- 
ber were secured with logs of wood, propped 
against the sides and against the roof with 
strong timber, as shown in fig. 2. The mine 
being fired, produced the desired effect." 

*' The tower, fig. 3, 40 feet high, and 25 
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feet in diameter, in the clear, was deetroyed 
with 500 pounds of powder. The chambers 
were disposed as follows ; in the sides or cheekf 
of the embrasures e, e^ holes were made of about 
£ feet 6 inches deep at the extremities of which 
chambers a, b^ c, d were made; those a, b, and c^ 
containing each 90 pounds of powder^ and that 
at d 100 pounds. At^, distant from the point 
/, equal to t of the semi-circuraferenceyi A, a 
branch was made to the depth of half the thick- 
xiess pf the wall, with a return of about ^ feet 
6 inches ; and at its extremity ir, a mine was 
charged with 130 pounds of powder. The fire 
being communicated to the five chambers a^ the 
«ame time, produced the desired effect^' 

*^ The* tower, fig. 4, 45 feet high, 16 feet 
diameter in the clear^ and 8 feet thick, was 
demolished, with 250 pounds of powder, lodged 
in a hoLs c, made in the bottom and at the cenr 
trc of the tower." 

** The tower, fig. 5, 36 feet high, 80 feet 
in diameter in the clear, and 10 feet thick was 
blown up by mines containing 740 pounds, of 
powder, placed in the four chambers c, rf, e,yi 
for this purpose, openings a and b were made on 
Ae outside of the tower, distant from each other 
•§- of the circumference abka, whence branches 
4tg, bh were made, to the length of half the 
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thk)kiies9 of the wall; then returns gc^gd^he^ 
hfx Qf 7 feet long, were made, at the extremi* 
tie9 pf which the chambers c andj^ containing 
190 pounds of powder each, and those d and e, 
each 18Q pounds; the miney being fired the 
effect proved satisfactory." 

DEFENCE OF A DETACHED LUNETTE, CALLED 
BASTION-DAtfPHIN, AT MAESTEICHT, PI. 15, 
fig.6- 

" The enemy having made a breach in lihc left 
face of the lunette^ took possession of it with- 
out much opposition, where he remained three 
hours ; but fearful of being blown up, he was 
induced to withdraw, leaving seven miners and 
eight soldiers in the mines, who were made pri« 
soners by the besieged, who immediately re- 
entered the lunette. Tlie following day the 
enemy returned to the attack of this work, and 
carried it by assault, and on the mines a, ^ &c« 
being fired we again took possession ; but the 
work was now so much damaged that the troops 
were soon after recalled back to the covert- way 
of the body of the place. 

^* Five days after, the besieged returned to 
blow up the rev^tement at the gorge, where the 
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besiegers had covered themselves; which was 
performed by firing the qhambers b^ b^ &c. the 
communication to them being by means of the 
gallery c from the covert-way of the place, the 
cutting off this communication having been 
neglected by the enemy." 

^* *dy Shaft made by the besieger's miners to 
run a gallery under the work ; but they were 
killed by shells, bags filled w^ith powder and 
tarred faggots, that were thrown into the shaft, 
from the top of the work, before the gallfery 
could be commenced. 

e, Shaft to descend into the galleries. 

f^ An opening to give a circulation of air to 
the galleries of the defensive mines. 

gj g^ Galleries to communicate from that 
c to the chambers d, b^ &c. , 

The chambers a^ a^ a^ &c. were loaded each 
with 300 pounds, and those by by by by with 200 
pounds of powder." 

FLOOD-GATES, FLUSHING. 

" Destruction of the Flood-Gates at Flushing in 1809, 
by Lieutenant-Colonel Pilkingtony of the Corps of 
Royal Engineers. PL 15, fig. 7 8c 8. 

" It is supposed that the very strong iron 
links and bars supporting the hinges of the 
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gates caused the mines to act so greatly on the 
sides and not on. the front. 

** The noise produced by the explosion^ 
which took effect on all the mines at the same 
time, was very little, neither was the shock 
much felt 

" The lines of least resistance were 7 feet ; 
but the mines were kept, as it was supposed, 
more than 7 feet above the levelof the ma- 
sonry, under an idea that the ground might 
yield to the force of the powder. 

** The chambers were about 9 feet below 
l(^w water mark. The mines were exploded at 
low water. 

" The' charge of each mine was 120 pounds 
of powder; it was afterwards conceived that a 
greater quantity would have been better; say 
140 pounds thfe charge.* 

* Each mine w^ charged with 120 pounds of powder, 
which certainlj produced every desired efifect 5 although it was 
afterwards conceived that a greater quantl^ of powder would 
have increased the damage 5 this is a point that might bear 
much controversy': what could be desired more than th^' 
mmplete destruction of the flood-gates and piers? one side 
of which was entirely blpwn down^ and consequently in 
every possible sense destroyed; and the other, which from 
local circumstances Incalbidable in such operations, was^ by 
the explosion of exactly similar mines, equally charged, and 
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*^ a, a, Sluices through the whole length of 
the piers, which were filled with bricks, regii* 
larly laid, in order to resist the eflfect of the 
mines in the direction of those openings. The 
galleries were filled with sand in bags*** 



VENTILATOR. 

^' Description of a Machine for ventilating Mines, 

adopted at the Institution for Field-Wjorks at Chat' 

^ham, under the command of Ldeutenant-Cohnel 

Pasley, at the suggestion of a Private in the Cotps 

of Royal Sappers and Miners. 

« This machine, PI. 16, fig. 1, 2, 3, and 4^ 
consists of two boxes, which are made idr-tiglit; 

in all respects treated the same as those on the opposite side, 
only prodaced considerable rents in the V7$IUb of the pier, which 
is dmlonbtedlT' a n^ore injnrious result than that of throwing 
down the znaspnrf^ as it causes the indisputable addition^ h* 
bour of pulling down that work before the new can be com* 
' ^lenced. Moreover^ tibe engineer in reducii^ the cbaiget to 
tfie least quantity that could be expected to serve the purpMH 
had in view the safety of the unfortunate inhabitantSi who 
were in a sad state of alarms and the accuracy of his calcukttion 
was combined with due regard to humanity, thercsby safing 
their habitations witboot prejuAce to the lenrioe. 
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the smallest of them is placed within the other^ 
in an inverted position, and about three quarters 
of an inch from the bottom: it is thus sustained 
by the angle fillets o being made three quarters 
of an inch longer than the inside of the box. 
Water is placed in the outer box within 2 inches 
of the top of the smaller one: this latter is 
raised (by means of the lever gb)^ fig. 1, 2, and 
4, on a pivot q^ formed on an iron bar and cy- 
lindrical at the ends, which turn in two eye- 
plates. When the box is raised, the valve h iy 
fig, 1,: 2, and 3, opens, and the air rushes in ; 
upon the box being let down again, the valve 
IS shut by the pressure of the internal air, assist*- 
ed by the weight i, fig. 1 and 3, at the end of 
the valve lever. The air can then only escape 
6ut of the copper tube /, fig. 1 and 2, to which a 
bose is attached, and by this means a gallery of 
ft considerable length can be ventilated. 

The lever for working the machine can be 
taken off at pleasure ; it is placed at the fulcrum^ 
or an iron piii^ fig. 1» S, and 4, attached to a 
rodv which latter also revolves in the iron plates 
]> and r, fig. 4. The box is raised by the iron 
rod^, fig. 1, which is fas tened*on the upper side 
of the lever by a small key, and this rod s is also 
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attached to the rod t hy a common hook and 
eye, which latter is fixed to the box by two 
dove-tailed plates." 



BLASTING rock: GUERNSEY. 

Report of an Experiment in Mining tried at Guernsey, 
by Lieutenant'CoL Mackelcan, of the Corps of 
Royal Engineers, in Jpril 1799* 

>" The roqk •having been bored in the usual 
manner, and the charge of powder put into the 
hole, a small port-fire, or tube, with loose pow- 
der in it to serve as a quick match, was inserted, 
and the hole immediately filled with perfectly 
dry sand. On the top of the sand was a prim- 
ing of loose powder, to which was applied a thin 
port-fire, when the end of it with the priming 
was covered with sand, to prevent accidents* 
The effect of lighting the port-fire was as com- 
plete an explosion of the rock as any other 
mode of blowing it had been known to pro- 
duce. 

*^ It is therefore hoped that the lives of men 
may be henceforjth preserved, as far as they 
have been endangered by the usual method of 
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^aintniiig', and that tline may ^be saved, as well 
i&s certain imple^nents in mining kid aside ^by 
adopting this method. 

" The accompanying sketch, ^\. 16, jfig. ^5 
and 6, represents the experiment tried at Guern- 
sey in presence of the officei^s and miners of the 
ciorps, who weie all extremely «ati»fied with the 
practice." , 

11EF£R£NCES. 

" a b, Hole bored in the rock of 2|- inches in 

diameter, and about 3 'feet 6 laches 

deep, fig. 6. 

b(;, The charge, consisting of 14 ounces of 

powder, into which was inserted the 

quick-match rfe, fi^. 5, wjienjtheholc 

was filled up with very dry fine ^and. 

fj A priming of loose powder on the top 

of the quick-match. 

gh^ Port-fire to communicate with the 

priming. 
i k gy Some loose sand or earth thrown upon 
the priming to prevent accidentS;:from 
sparks, while the man lights the port- 
fire. 
mnopf Represents the se<ftion of titeexcava* 
tion, fig.' 6. 
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^* The principal thing in Ihis experiment is 
the introduction of fine dry sand, over the 
charge of powder, instead of ramming in clay, 
&c. to fill up the hole. 

'' In this way of loading the mine, it ipay 
he charged and fired in one minute; and the 
danger to which the mirier has hitherto been 
exposed in loading and ramming is entirely, re- 
moved.'* 

BLASTING rock: JERSEY* 

The following has been communicated to 
the author by Major-General Humfrey, com- 
manding engineer at Jersey. 

" Method of blowing or splitting rock to form escarp^ 
ments and excavations; as practised tit the island of 
Jersey 1815. 

*' A hole is first to be made in the rock, in 
the direction and to the depth required, by 
means of a borer of 1-1- inch diameter; the hole, 
is then to be well cleaned out with, an iron 
scraper, and afterwards (should any damp re- 
niain in it) made dry by means of a piece of 
cloth affixed to the opposite end of the scraper, 
A tin Of copper funnel is then introduced, with 
a pipe the depth of the hole ; by the side of the 
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pipe a tube is placed filled with Composition (as 
hereafter described). The charge of powder is 
then conveyed to the bottom of the mine, 
through the funnel, which is gently drawn out 
as the powder rises ; after which fine dry sand 
is poured in, until it rises to the top of the hole; 
the tube is then lighted. ^ 

" The use of the funnel is to prevent the 
powder from adhering to the sides of the hole, 
and cannot with any safety be dispensed with. 

*' The tube reaches about six inches below 
the top of the powder, and the charge of pow- 
der was generally one-fourth the depth of the 
mine; but when the rock was bored to the depth 
of 12 or 15 feet, which was sometimes done, the 
charge was increased to 7 or 8 feet of powder. 
It is evident, however, that the proportion of 
powder and sand must depend on the resistance 
to be ov_ercome, and must consequently, as well 
as the direction and depth of the mine, vary 
according to circumstances. 

" The following was the composition ujsed 
for the tubjBs. 

** To & pounds of mealed gun-powder add 7 
pounds of pulverized salt-petre and 2 pounds of 
coarse sulphur : mix well, and ram into paper 
cases S feet long, A of an inch diameter at top, 

K 2 
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and tV of ^h inch at bottom j they were tapered 
in this mariner, that they might be easier drawn 
ofF the j^wier ; &nd ^Iso to make them fit into 
eiich other, when the hole Vas deeper than two 
febt, or the length of one tube. The tubes must 
be carefully niade, and well rammed, or they 
will blow on being lighted, and endanger the 
inen^s lives. - 

" Ah immense quantity of granite rock, of 
the hardest description, ias been blown by this 
method, for forming the escarpments, &c. of 
thejnew fortress at Jersey, without a single ac- 
cident happening; and it was found, that the 
resistance of the sand increased in proportion to 
its fineness and dryness, and was much greater 
in all cases than by the old method of ramming 
in clay and broken rock, &c. in the process of 
which operation, the mine frequently exploded, 
to the certain loss of a limb, and sometimes the 
life of the miner. 

^^ Rocks under water have also been blown 
by the same method, taking the necessary pre- 
cautions to keep the powder and sand dry." 

Lieutenant Haig, of the corps of Voyal sap- 
pers and miners, reported for the information 
of the inspector-general of fortifications, by let- 
ter dated the 9th of May 1807, that he had fol- 
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lowed the method of using sand in blastipg 
rock at the island of Jersey as described in the 
foregoing accounts, and that it had perfectly 
answered every expectation. He also states 
that when water is met with in the hole prc^ 
pared for blasting, the mode he has adopted, and 
which was attended with success, is by forming 
a thin cartridge of paper made to fit the mine; 
into this cartridge the powder is placed, the 
tube introduced and fixed ; the whole is tli?^ 
dippied into ipelted tallpw, which eflfectually 
prevents the po\vder from receiving the slight- 
est damage; although the min^ should be full 
of water. 

At Messina in Sicily, wherp sopne bl^stiuff 
of rock lender \ratpr, three or four feet belp^ 
the sijrface was required ; the powder for thig 
purpose was introduced iiitp the hole for blast- 
ing, i)ti a tin tube m^de to fit:, to which the fir? 
was commvinicated by a smaller tube, leading tp 
above the surface of the water': it may bp needT 
less to observe that the tubes must be carefully 
soldered so as to be water-tight : and this me 
thod was atteiided \yith the dpsired success. 
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EXPERIMENTS BY JOHN BELX', SERJEANT Of 
THE RjOYAL REGIMENT OF ARTILLERY, 

^^ Some observations on an experiment made at Wbol^ 
wich the II th of July 1789, on a principle designed 
for blowi^ the Royal-George to pieces, sunk at 
Spithead. 

"The vessel sunk kl, PI. 16, fig. 7, for the 
iabove purpose, was constructed 7 feet in length, 
4 feet in breadth, and 2 feet high in the clear. 
^Ije sides, bottom, anfi ends were made of two 
and a half inch elm plank, spiked together, and 
otherwise secured at the corners by eight hori- 
zontal knees. The deck consisted of two-inqh 
deals, spiked down upon 4 strong ties and 4 
vertical knees. The mast wa& made of a stout 
piece of fir, 22 feet long ; the hatch- way was 2 
feet square; and 2 very strong pieces of elm 
were spiked upon a cross at the under part of 
the bottom, in order to act as a steady base, for 
the whole to act upon, when sunk on its bed. 

" The mine consisted of 50 pounds of pow- 
der, placed in a tin case one foot cube, which 
was further secured from the water, by a box of 
wood 16 inches each side, which consequently 
left 2 inches plear on all sides, to introduce the 
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mine into the hatch-way b c. The copper tube 
for comnaunicating the fire, and two side-poles 
for. directing the mine into the hatch- way, were 
S2 feet long... At the time the mine was lower, 
ed into the vessel, the tide had flowed 17 feet 6 
inches upon the mast. The first particles of 
powder inflamed were 10 inches below the 
deck, and had l6 feet water over them; the 
deck being of deal, it separated from the elm, 
and floated when the explosion took place* 

" Upon examining at low water, the place 
where the vessel lay, I found nearly all the elm 
planks, the sides and ends of which, in a hori« 
zontal direction, lay no more than 4 feet from 
its first position : whereas in a vertical direc- 
tion some parts of the bottom immediately un- 
der the mine, were forced down 5 feet, one of 
the two pieces which were across the bottom 
was broke short in the centre, and the other 
was sprung two-thirds through ; the mast was 
broke short at 1 foot below the surface pf the 
water, the other part was pot fpund. The earth 
where the vessel lay, consisted of a soft loam 
^nd gravel, which was entirely removed, be- 
tween, 4 and 5 feet deep at the centre, for the 
space of about 4 feet I have also collected 
broken piece? to the jiumber of 55 of different 
sizeSf 
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" Five conddmncd swiveb which lay upon 
tM cradle on: the land side, in qrder to keep- tlie 
ycsscl sunk, were moved' about 6 feet, and one 

of thein was- broke into t^o near the trunntotrB, 

i ■• ■ ' • ■ 

KBFER£NC£§« 

a. The bo± containing thei powder. 
he. The hatcbwiiy. de. £<|uda M feet 
gi. Equal 14 feet. ah. Equal £3 f<eel i 
(Signed) John Belb, Spj. Hoyai Artil.'' 



^ Sketchy PL i6, Jig. 8, cf an apparatus coYUitmi 
for breaking chains, or boomi, when laid across 
riten, to prevent shipping from passing up or down 
them; with the particulars attending three experi^ 
ments made for that purpose, at Woolmch in Novem* 
ber 1789, 5y John Bell, Serjeant of the tloi/ral 
Regiment cf Artillery. "^ 

EEFBRStfCCa. 

^^u*k hoodwink, and falling fire. 

b. Tube for cottiiiiuhiciting th6 fif6 to the 

mint. 

c. Two casks, for floating the mine over 

the bed, 
dd. Poles for directing the mine to the bed. 

g. The mine containing 16 pounds of 
powder. 
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A. The bed whereon the mine rests. 
i, The sheers across the chains, 
k^k. Weights hung at each arm of the 
sheers, to keep them steady across the 
chains, 
lyl. Break- waters in the river to which the 
chains were fastened. 
m, mm Weights to secure the position of the 
casks. 
" The links of the chains made use of on 
this occasion were ^ an inch in diameter, and 
about $ inches in length; these chains were 
stretched between two posts in the river Thames, 
at eleven yards distance from each other. The 
upper chain was 30 inches from the ground, 
and the uncler one SO, 

5' The bed for receiving the force was made 
of elm plank, 2 and a half inches thick and \ 
foqt square, and had two flat bars of iron let into 
the under side, in order to act upon the chains. ^ 

*' The powder was disposed of and secured 
in the same manner as in the experiment for 
blowing up the Royal George, and the same 
method was taken for communicating the fiie' 
to the mine. 
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FIRST EXPERIMENT. 

" The mine consisted of 6 pounds of pow- 
der, which had, when the explosion took place, 
3 feet 6 inches of water over it, and conse- 
(juently 2 feet 6 inches under it. 

*' Upon examining the place, after the tide 
had run off, I found the bed with the iroi;i bars 
laying on one side of the chains, and at 6 feet 
from them : the ground directly under the 
mine was opened only 10 inches deep, and SI 
feet wide. It appeared that there had not been 
a sufficient force applied to effect a separation," 

' SlfcCOND EXPERIMENT. 

" The mine was increased to 1 1 pounds of 
powder, and the bed for receiving the force to 
20 inches square. Two bars of iron 1 inch 
square were let into the under side of it, in an 
angular position, in order to act as chisels upoii 
the chains. At the time the explosion took 
place, there was much the same depth of watei* 
under the mine as over it. By the force the 
bed was broken into three pieces. The iroq. 
bars were separated from them and lay much in 
the same situation as in the preceding experi- 
pient. The ground un^er the mine was opened;, 
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upwards of S f^et in depth and 4 feet in diaAe- 
ter, whiph proved there had been a sufficient 
quantity of force to have broken one, or even 
both chains, had the iron bars kept their first 
position. From these concurring circumstances^ 
it appears that the only thing wanting to pro-r 
duce the desired effect was a contrivance that 
might continue in a vertical direction after it 
had received the force." 

THIRD EXPERIMENT. 

" The mine was increased to 16 pounds of 
pbwder, and the bed for receiving the force to 
S4 inches in diameter, strapped with iron to 
prevent its separating. The two .iron bars as 
used before were welded together in the form 
of sheers^ and had a piece of steel let into the 
top of each arm, to act as cutters upon the 
chains. . A strong collar was placed round 
the neck to prevent the arms separating, at the 
time the explosion takes place ; there was bare-* 
ly 2 feet of water over the mine^ 
- ' ** By the force the sheers were driven 
through both chains, the upper one was broken 
into three pieces, and the under one into two. 
The sheers and bed then entered the hard gra? 
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vdi to the (kpth o1^ d feet 6 inches, aad tiie 
_^ound was opeiied nearly 8 £?et all round,. 

^^ One of the arms ^f tibe sheers broke sho^it 
off at the shoulder, which js^peared to have been 
done in penetrating the grounds The collar 
rooiid the nieok of the aheera was aba s^lit open. 
From these circumatancea there, is reason to 
conchide, that had there been niore chains of 
equal strength^ the sheer^ would have gone 
through them all. 

" From the lightness of the body of water 
which covered the mine, a great proportion of 
the effect of the powder espHped^ as appeared 
from the water which rose upwards qif SO feet 
from its surface. 

" The tube for communicating the flre to 
the mine, was thrown more than 50 feet high, 
and the casks for flpating the ^ine upward^ of 
100 feet. > . 

" From the effects of thifr experiment, I 
should suppose that 80 pQuods of powder ap- 
plied'in the same manner would break thp 
strongest chain, or boom used on such occa- 
sions, if covered with 5 or 6 feet of water. 

^ N. B. Should a chain or boom float so 
near the surface of the water, as not to have a 
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sufficient weight %o resist the explosion, the 
sheers may be changed to the upper side of the 
mine, which being brought under the chain or 
boom will break it upwards. 

<* This design may be carried into execution 
under cover of the fire from a ship of war, or 
otherwise being accompanied by a few armed 
boats. The opemtion of the above method may 
be effected in the darkest night, or thickest 
weather imaginable, and performed in a* very 
ishort space of time. 

(Signed) Johig^ B£];.l, 

Serjeant, 'Royal Artillery*'* 



-EXPERIMENT ON FIRING MINES. 

Copy of a Report addressed to the Inspector-General of 
Fortifications, by Lieutenant-Colonel Landmann, 
commanding engineer at Gfavesend, dated 2gth of 
'May 1815. 

" Sir, — I have the honour to report to 
* you the result of an experiment,* which I have 
made, on the practicability of 'firing, with cer- 
tainty, two or more mines at the same instant, 
which has fully answered my expectation; al- 
though I should have been better satisfied, had I 
possessed the means to extend and to multiply 
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by numerous experiments, «he various aidVaDr 
tageis which this discovery may be likely to 
produce; but the expensive nature of such 
operations has not permitted me to proceed. 

" The measures adopted to the above effect, 
were by charging a mine with 12 pounds of 
powder, in a cubical box, the side of which was 
8 inches, and placed 5 feet 4 inches below the 
surface of the ground; from this mine, an emp- 
ty tin tube, f of an inch in diameter, 12 feet 
long, and open at both ends, was made to com- 
municate with another mine in a horizontal di- 
rection ; but only charged with 2 pounds of 
powder, to prove the eflPect. The mine con- 
taining 12 pounds of powder being exploded, 
the fire was communicated to thfe other placed 
at 12 feet distance, without any perceptible dif- 
ference of time, 

" The soil in which the experiment was 
made is a drifted sand tolerably hard and moist, 
and covered with a thin coat of earth and sod: 
the superior diameter of the' funnel of the 
greater mine measured 12 feet and was perfect^ 
ly circular; the explosion threw up pieces- of 
sod and a quantity of sand to the height of 
about 100 feet, a part of which falling'back into 
the funnel, it only measured 3 feet 6 inches 
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in. depth; but. the sapd was warm and appeared 
to have been removed to the depth of 6 feet 
from the surface, which is 8 inches below the 
bottom of the chamber. The tin tube was 
.completely carried off even with the surface of^ 
th« funnel, and the remainder of it was shrivel- 
led, and some parts were flattened. 

"The tube should only be introduced about , 
1 inch into the mine that is to be lighted the 
first; and it will be an important precaution 
to blow through it, in order to ascertain that it 
be perfectly clear. 

" By a solitary experiment of this nature, 
little more could be expected than merely to 
ascertain whether the fire could be thus com- 
municated from one mine to another, at the 
distance of 12 feet or less through an empty 
tube as above described; but how far beyond 
the distance of Ifi feet the same success may be 
obtained cannot be calculated, and must remain 
to be established by experience. It is also to- 
lerably certain, that by a tube the fire may be 
communicated in like manner to a second ox 
third mine placed vertically below the first or ^ 
obliquely, within the distance of 12 feet, and 
poj5sibly to a much greater distance,, 

'Mt is difficult, at first sight, to determine 
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the various cases in practioe, that ^ould essen» 
tially benefit by this mode of firing mines; but 
it is evident that they must be numerous, and 
in all such cases the advantage to be derived 
must be important; since the precision required, 
according to the p];esent method,* in regulating 
the lengths of the saucisson, will, in many in* 
s^ancesi be needless, and the result no longer 
doubtful." 

I have the honout to be, 

&c. &c- &c. 

(Signed) G. Landmann, 

Lieut-Col. and Com^ R^.Eng'.** 

It is to be regretted that the above-mentioned 
experiment is so limited, that the prospects of 
the advantage which may result therefrom is 
stilLvery uncertain; yet it may not be improper 
to observe, that should it appear, upon further 
trials under various forms, that the fire can be 
thus communicated, without failure, the disco- 
very must be considered as exceedingly ittifport- 
aut; since in cases where it may be required to 
explode, at the san^ instant, a distributioii of 
iilsulated or combined chambers, either^^upon a 
herizontal or inclined plane^ and at uncies^ual dis- 
tances from centre to centre, this i^'ethod will 
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rtmorc ow of the g^mitcst difficvUios »ttfM* 
ing llie eabtctttiof}, wl^iclji is th»t of proportion* 
iug the fixm to find the. equidistances from the 
focus; and experience in practice has fully 
shourn, that nothing 19 more uncejrtain than that 
operation, whichto tine ^bt^ory appears to admit 
of no .doubt of a^c^e^s. In making future ex- 
periments with the tin tuhe, it yro^ld he d^ 
sirable to ascertain what numjber of n^ines, as far 
asithiee or four^ could be fired by the explbsion 
of one of them^ a tube leading to each of the 
others^ without weakening the effect of the first 
mine lighted; as it may be necessary to in- 
crease the charge of the same^ to supply the loss 
of part of its force, which must occur, in pro* 
portion to the number of tubes leading from it 
Although the experiment of the tube has 
hot been sufficient to prove the positive com- 
munication of the fire through a tube beyond 
12 feet,*yet it is justifiable to presume, that 12 
feet is not the maximum of the distance to 
which the fire might be thus conveyed; 'and 
even were it so, it will still be highly useful in 
&ring a chain of fougasses, formed by the be- 
sieged under the crowning of the covert- way, 
which^a^'e usually lodged at 10 or 12 feet from 
the crest of the glacis^ having a line of S feet 
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least resistance, and which cannot be exploded 
too simultaneously; as by their cooperation t^e 
efTect must be greater, and the disasters of the 
enemy consequently increased* 

Much more mi^ht be said upon the pros- 
pects of the advantages that could arise out of 
this method, but which had, perhaps, better be 
reserved until experiments have established cer- 
tain points, in order to proceed, upon positive 
facts, in preference to speculative arguments. 



FINIS. 



T. BrDSley, Printer, 
Bolt Cooit* FlMt eticft, LMMioo. 
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obc. Gallery of JS^earp. 

d-cf f g*h . Gallery afCotdnterscarp, called mam^aHery. 

^is^BOk. Gallery of e/ivelppc, 

p pp is^ Galleries ofoommumcatLon. 

q.^ c^hcXuttning ffoUeHes^ alfo calledZiftfier^. 

(Pro viewnal openings left in Ihe^ galleries 

rrr tor.- whaux branches may be made in dAfkrent 

( directions, as occasion rru^ require. 
ssshc.Loop htfled galleries. 
ac. — . . . Transverse gallery in theBastuon. 

t , Transverse gallery in the redoubt. 

a Staa^ to descend into thegalleriet ofcomnwnioor 

tisnmade under the bottom ofthed^tehwhendry. 
ii\[y\,.Shalti to draw out the deblaiirom thegaUenes. 

-7\> • .a 

^If 




oogle 




Digitized by 



Google 



ri.4. 




Digitized by 



Google 




Digitized by 



Google 



r 



Digitized by 



Google 




Digitized by 



Google 



PI, 6 



I 



Digitized by 



Google 




Digitized by 



Google 



Digitized by VjOOQIC 




Digitized by 



Google 



3#!! C 



k 



n.8. 




■Til 



JL 



9^ 



f g- 



m 



h 



.M 



Digitized by 



Google 




Digitized by 



Google 



3 ■?£ 



* jf 



...'iTTl/ 



r --tf 



^h %S.afIi^.ff. 



J 



^.B.g.and^l2. 



T 



^ lotzjisas 



■ ■■I 



'* . .^ 



Digitized by 



Google 




Digitized by 



Google 



T1.10, 




fl'fc^''" 



,..•*.,;• 




....ilM 



g >d> h itt^i. • 



Digitized by 



Google 



^'Tr, 









Digitized by 



Google 






PI 



3 



r... 





.'••••v.-"^ 








^' r'-CT:r:i;:-::.SN. 








/' — ^\ — "^ 










— — - — ,.^ 


^Whm ?y 




"{ftwtr Cr .-ttr^ua 



Digitized by 



Google 




Digitized by 



Google i 




Digitized by 



Google 




Digitized by 



Google 




Digitized by> 



Digitized by 



Google 



Li4. 




// 



l« 



Digitized by 



Google 




Digitized by 



Google 



ftood-^aJbes of ike basin ailTuskinp in JB09. 



£1,15 




'' Une AB 




so 4c 



OoAet 



\ 



Digitized by 



Google 




Digitized by VjOOQIC 



Digitized by 



Google 




Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by ^ 



y Google 



